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ABSTRACT 

The  metalation  of  indene  and  acenaphthene  by  the  alkali  metals 
lithium  and  potassium,  and  the  reaction  of  the  resulting  or ganometallic 
derivatives  with  excess  methyl  iodide  has  been  studied.  The  metalation 
of  fluorene  also  has  been  reinvestigated. 

The  reaction  of  metallic  lithium  and  potassium  with  indene  and 
fluorene  in  refluxing  1  ,2 -dimethoxyethane  yielded  reduction  products  of 

i  vN 

indene  and  fluorene  ,  1 -metalated  indene  ,  and  9-metalated  fluorene  ,  and 
as  well  was  accompanied  by  the  production  of  some  hydrogen  gas  due  to 
the  acidic  methylene  group.  The  amount  of  hydrogen  was  small  for 
fluorene  but  quite  substantial  for  indene. 

Metalation  of  indene,  1 -methylindene  ,  and  3 -methylindene  in 
refluxing  1  ,2 -dimethoxyethane  ,  followed  by  methylation  of  these  metalated 
indenes  at  0°,  gave  a  mixture  consisting  of  starting  material,  the  corres¬ 
ponding  indan  ,  monomethylindene  ,  dimethylindene  ,  and  in  some  cases 
tr imethylindene .  Two  competing  reaction  mechanisms  resulting  in  the 
formation  of  the  metalated  indenes  are  suggested,  and  possible  routes  for 
the  formation  of  the  di-  and  trimethylindenes  were  examined. 

The  reaction  of  acenaphthene  with  one  equivalent  of  potassium  metal 
and  one  or  two  equivalents  of  lithium  metal  in  refluxing  1  , 2 -dimethoxyethane 
produced  little  hydrogen  gas  ,  but  the  use  of  two  gram-equivalents  of 
potassium  gave  a  substantial  amount  of  hydrogen.  Decomposition  of  the 
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metalation  products  with  aqueous  acid  gave  three  to  five  products  which 
consisted  mainly  of  starting  material,  and  contained  some  reduction 
products  as  well.  Metalation  at  room  temperature  with  potassium  yielded 
four  products  ,  one  of  which  was  a  dihydr  oacenaphthene . 

Metalation  of  acenaphthene  with  potassium  followed  by  methylation 
gave  a  mixture  consisting  of  at  least  eleven  products.  These  were  starting 
material,  monomethylacenaphthene  ,  as  well  as  reduction  products  and 
more  highly- alkylated  products.  Similar  reactions  with  lithium  metal 
resulted  in  very  little  alkylation.  The  resulting  mixture  ,  containing  six 
to  seven  products  ,  was  made  up  largely  of  starting  material. 

The  synthesis  of  six  Cj.-  and  C2 -methylacenaphthenes  and  four 
reduced  acenaphthenes  was  undertaken  by  conventional  organic  methods. 

The  preparation  of  1  ,1  ,2  , 2 -tetr amethylacenaphthene  led  to  some  anomalous 
reactions,  for  which  possible  mechanisms  are  postulated. 
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INTRODUCTION 

A  .  The  Problem. 

Although  the  chemistry  of  indene  ,  including  various  metalation 
reactions,  has  been  investigated  extensively,  very  little  is  known  about 
the  direct  metalation  of  indene  and  its  1-  and  3-  substituted  derivatives 
by  alkali  metals.  Accordingly  work  was  begun  which  might  aid  in  the 
understanding  of  these  reactions. 

Interest  in  the  problem  developed  as  a  result  of  a  detailed  study 
concerning  the  metalation  and  alkylation  of  a  similar  benzocyclopentadiene  , 
fluorene.  In  order  to  gain  more  information  concerning  the  behavior 
of  alkali  metals  towards  "acidic"  hydrocarbons  ,  it  was  thought  to  extend 
the  work  on  fluorene  to  other,  but  similar  systems.  By  doing  so,  it 
was  anticipated  that  a  number  of  problems  could  be  clarified. 

First  ,  it  was  felt  necessary  to  determine  the  exact  pattern  of 
alkylation  which  can  occur  in  the  metalated  indene  system;  i.e.  whether 
monoalkylation  results  in  1  -  or  3-  substitution.  Previous  reports  in 
the  literature  are  rather  uncertain  and  questionable. 

Secondly,  the  problem  of  mono-  versus  polyalkylation  using  one 
or  two  equivalents  of  metal  could  be  studied,  since  even  tri  substituted 
derivatives  are  possible  in  the  indene  molecule.  At  the  same  time  ,  the 
question  as  to  whether  dialkylation  results  in  1,1-  or  1  ,3-  disubstit.uted 


indenes  could  be  answered. 
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Elucidation  of  the  reaction  mechanism  between  alkali  metals  and 
aromatic  systems  containing  activated  methylene  units  was  required, 
since  the  evolution  of  hydrogen  gas  as  opposed  to  the  reduction  of  double 
bonds  has  been  the  subject  of  dispute  in  recent  years. 

Fourth  and  finally,  it  was  hoped  that  this  work  would  eventually  lead  to 
the  development  of  convenient  synthetic  routes  whereby  alkylated  indenes 
could  be  prepared. 

For  exactly  similar  reasons  ,  the  metalation  of  acenaphthene  was 
undertaken.  Very  little  work  of  this  nature  has  been  carried  out  on  this 
molecule  ,  no  doubt  due  to  the  poorly  activated  methylene  group  present 
in  acenaphthene.  Of  particular  interest  was  the  synthetic  aspect  of  the 
problem,  since  substituents  on  the  five -membered  ring  of  acenaphthene 
are  very  difficult  to  insert  by  direct  routes.  It  was  thus  hoped  that  alkyl 
groups  could  be  introduced  via  the  metalation  reaction.  To  assist  in 
the  study  of  these  problems  ,  the  preparation  of  C^-and  C^- substituted 
acenaphthenes  was  undertaken  by  means  of  conventional  synthetic  path¬ 
ways. 

B  .  Literature  Survey. 

Alkylation  reactions  of  organic  compounds  with  a  variety  of  basic 
reagents  have  been  examined  as  early  as  the  nineteenth  century  ,  and 
continue  to  be  under  investigation  up  to  the  present  time.  As  a  result,  a 
vast  amount  of  data  has  been  accumulated  on  this  subject  ,  with  the  major 
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portion  of  the  work  on  alkylation  having  been  carried  out  on  methylene 
(CH2)  or  methynyl  (CH)  groups  activated  by  electron-withdrawing  functional 
groups  such  as  carbonyl,  carboalkoxyl  ,  nitro,  nitrile,  halogen  etc.  . 
Hydrocarbons  themselves  ,  however  ,  in  which  a  methylene  unit  is  activated 
by  one  or  more  aromatic  rings  ,  and/or  by  the  presence  of  other  double 
bonds  ,  have  also  received  considerable  attention.  Well-known  examples 
in  this  group  include  cyclopentadiene  and  the  benzocyclopentadienes  , 
indene(I)  and  fluorene  (II).  Although  of  a  somewhat  different  nature  than 
compounds  I  and  II,  acenaphthene  (III)  is  also  included*. 


*Note:  The  numbering  sequence  used  in  this  work  follows  that  used  by 

Chemical  Abstracts  and  is  indicated  in  the  above  structural  formulae. 
Considerable  confusion  exists  in  the  literature  due  to  usage  of 
a  different  system.  In  many  cases,  Beilstein  included,  indene 
is  numbered  as  follows: 
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By  numbering  Cj  as  C3  ,  the  problem  involving  double  bond 
isomerism  has  been  greatly  compounded.  Similarly,  acenaphthene 
has  in  many  instances  been  numbered  in  the  following  manner  , 
starting  with  the  aromatic  rings: 


4 


f  \  fi  '  •  : 


.  O  ,  Ivxc  Jr; ocu  Ki  J  i  -•  g 


£ 


•-  J  8v/©iii  i  J  r  e  i  nr  b98D  3©n9ijp9e  gn;  tut.  ;  ;  ’  :  »to 

a  ■  'r,  (  jj  >j  I  IX  3  1  S  eJ^  If  ••inif." 

l  >181x96  ,  8‘  8X0  -fi-rsm  n.l  .ftf  92  3V«  IflMi-O  'b  i 

rswoilo}  3£  bft-rsdmua  8J 


Jdnob  3  tivJovni  mnb'  ncr  >d1  «^0  as  t O  pnimdnr  yr  G 

■» 

.b'  bnr--  no©  '.»*  nod  fd  T?n-  nr.  •  it 

“  '©drrrjjrx  i9«t<  i  y:  :m  ;.t  <  «.  d 

, .  .  .  a *  i i .u 


-  4  - 


1  .  The  Indene  System, 

Although  Baeyer  and  Perkin  Jr.  (1)  were  actually  the  first  to 
work  with  the  C^Hg  hydrocarbon  indene  ,  named  indonaphthene  at  that 
time  ,  Krdmer  and  Spilker  (2)  are  often  given  the  credit  for  formulating 
the  indene  molecule  in  1890.  Five  years  later,  Marckwald  (3)  pointed 
out  the  weakly  acidic  character  of  indene  ,  by  comparing  it  with  the 
reduced  basicity  of  the  indole  molecule.  Although  alkylated  indenes 
were  not  obtained  from  the  reaction  of  indene  with  sodium  alcoholate 
and  alkyl  halides  ,  condensations  with  benzaldehyde  and  amyl  nitrite  were 
successful  at  that  time.  From  then  on,  the  1-metalated  derivative  of  this 
pseudo-acid  has  been  prepared  by  using  a  variety  of  basic  reagents  , 
formation  of  the  "salt"  undoubtedly  aided  by  the  fact  that  the  indenyl 
anion  is  isoelectr onic  with  naphthalene,  and  thus  possesses  the  stability 
characteristic  of  aromatic  systems. 

(i)  Acidity  of  Indene. 

Due  to  the  acidic  nature  of  the  molecule  ,  various  attempts  have 
been  made  to  establish  a  definitive  pKa  value  for  indene.  The  work  often 
cited  is  that  by  Conant  and  Wheland  (4)  ,  who  attempted  to  obtain  acidity 
values  for  hydrocarbons  by  studying  competitive  equilibria  of  the  type 

RH  4-  R'M  v  —  RM  +  R'H 
where  M  is  the  metal.  The  reactions  were  followed  either  by  colorimetric 
comparisons  of  the  salts  ,  or  by  carbonation  of  the  equilibrium  mixture. 

The  authors  assumed  however  ,  that  carbonation  was  complete  and  faster 


■  ri  .  1  ■  •  :  -  ■  ii  '  b  0  ^  "  ■  ' 


.s'u  lefom  bo b'ti  .?r  :  ,c  y  -  :•*.  i  i  ■■•uba*. 

71  /lOi  tOX.91  y  !  7  1  i  •  j'  3't  •*'/ 


vi&iidv  45  ^mau  vd  box  qon  i  odd  8=.. I  bios-o  u  aq 


■  q  ru  .  t  -  J  J  adJ  yd  frtbfS  •  fduob  u  51  "  -  U  ■  no  r  r.t 


g‘ji  oq  ejjrii  b  45  *  •  toli  i*xU  c  >  •  o  oxt  >o<  :  pi  •■ . 


)w  yrll  .stabrri  •  o‘i  sjjIs  '  ~  . .  c.  avilxni!  b  jb  rietfld  Jao  oJ  ybsrn  fioeri 


jjJo  oi  bsiqn  Jis  odv  ,  ($■'  basis  <’W  imsnoD  yd  rtr.rlt  ?i  ba.i b> 


J  io  £  id  U  q  o  avr  Isqxnoo  ^  ixybixte  xd  *  nodisooTbyxi  id  a  .*r"»./ 


>foo  yd  i*»d^x^  bsv  olio*  9*t9w  enox}.0£9^  srfT 


s’* 3ic  rroo  8 j  ••/  ;*  isnod7x>o  3<  .  ,  ir*  $u  jr  bsn  u?as  siorfbifi  sriT 


than  cr os s-metalation  ,  an  assumption  open  to  question  since  equilibrium 


shifts  may  be  more  rapid  than  carbonation  (5).  The  relative  amounts  of 

the  isolated  carboxylic  acids  were  taken  as  diagnostic  for  the  position  of 

the  equilibrium  in  the  metalation  reaction.  By  basing  the  scale  upon  the 

pKa  value  of  acetophenone  (pKa=20)  and  the  slightly  stronger  "acid"  ethyl 

-  20 

alcohol  (K  =  7  x  10  )  the  following  assignments  were  made: 

phenylacetylene  ,  indene  ,  9 -phenylfluor ene  pKa  “  22 

fluorene  =  24 

etc . 

Using  colorimetric,  spectroscopic  and  polarimetric  methods  to 
evaluate  the  inter  metalation  equilibria  in  benzene  ,  McEwen  (6)  extended 
this  work  to  include  other  hydrocarbons,  and  as  well  alcohols  and  amines. 
Based  upon  methyl  alcohol  (pKa  =  l6)  ,  indene  was  assigned  a  value  of  21  , 
fluorene  25,  tr iphenylmethane  33,  diphenylmethane  35,  and  cumene  37, 
an  order  which  appears  reasonable  on  theoretical  grounds. 

Dessy  (5)  has  questioned  some  of  this  work  however,  and  has 
reinvestigated  it  by  spectr ophotometr ically  (infrared)  measuring  the  rate 
of  proton  exchange  with  deuterium  oxide  in  homogeneous  media: 

excess  E^O 

RH  - >  RD 

Et3N  ,  DMF 

Streitwieser  Jr.  (7)  also  felt  that  the  McEwen  scale  was  incorrect, 
since  it  was  seriously  compressed  for  pKa  values  above  20.  By  using 
HUckel's  Molecular  Orbital  (HMO)  method,  Streitwieser  devised  a  tentative 
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scale  of  acidities  ,  in  which  indene  was  assigned  a  pKa  value  of  23  ,  fluorene 
31  ,  toluene  59.  At  a  later  date,  however  ,  the  same  author  (8)  realized 
that  his  criticisms  could  not  be  sustained  ,  and  that  a  serious  deficiency 
existed  in  the  molecular  orbital  argument.  From  further  equilibrium 
studies  according  to  the  reaction 

©  ©  x  a  © 

C6HnNH  M  +  R-H  x  C6HhNHz  +  R  M 

M  =  Li,  Cs 

and  using  visible  spectra  of  the  solutions,  a  new  scale  was  set  up, 
based  upon  9  -phenylfluorene  having  a  pKa  value  of  18.5.  Although  indene 
was  not  included  in  this  study,  it  would  seem  to  have  a  similar  value. 

Additional  data  were  obtained  by  Steiner  and  Gilbert  (9)  by  spectro- 
photometrically  measuring  the  conversion  of  "acids”  into  their  anions  in 
dimethyl  sulfoxide  (DMSO)  solutions.  By  this  method  the  pKa  value  of 
indene  was  found  to  be  18.2.  Highly  dissociated  ions  ,  rather  than  ion 
pairs  may  be  involved  due  to  the  high  dielectric  constant  of  the  solvent. 

If  this  interpretation  is  correct,  applications  of  pKa  scales  will  require 
cognizance  of  the  ionic  state  ,  and  the  solvent  system  used. 

(ii)  Metalations  and  Subsequent  Reactions. 

After  finding  alkoxides  to  be  ineffective  bases  for  the  metaiation  of 
indene  ,  Marckwald  (10)  turned  to  the  use  of  solid  metal  hydroxides.  By 
heating  equal  parts  of  indene  and  benzyl  chloride  with  excess  powdered 
potassium  hydroxide  for  6  hours  at  160°,  he  isolated  a  product  supposedly 
benzylated  in  the  l-(or  o(  )  position  (IV).  Similarly,  when  benzyl  chloride 
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was  replaced  by  methyl  iodide  ,  1  -methylindene  (V)  was  proposed  as  the 
structure  of  the  product  obtained. 


H  CH,  C,H_ 

2  6  5 


IV 


V 


Although  in  the  past  alkali  metal  hydroxides  have  been  used  only 
occasionally  as  the  base  in  such  reactions  ,  their  utility  has  been  demon¬ 
strated  quite  recently  (11).  In  fact  catalytic  quantities  of  potassium 
hydroxide  or  sodium  hydroxide  were  sufficient  to  bring  about  the  alkylation 
of  indene  and  fluorene  with  alcohols  and  diols  at  temperatures  ranging 
up  to  2  50  °. 


In  order  to  obtain  pure  indene  from  coal-tar  fractions  ,  Weissgerber 
(12)  found  sodium  amide  to  be  an  effective  reagent.  Along  with  evolved 
ammonia,  1 -indenyls odium  could  be  readily  obtained  by  heating  a  mixture 
of  indene  and  sodium  amide  for  2  hours  at  110-115°.  The  same  sodium 
salt  could  be  prepared  by  employing  sodium  metal  at  somewhat  higher 
temperatures  (140-150°),  and  extended  reaction  periods.  The  addition  of 
approximately  2%  of  organic  bases  (aniline  ,  toluidine  ,  and  particularly 
pyridine)  to  the  starting  material  made  it  possible  to  obtain  the  desired 
product  within  3  hours  at  100-105°.  Similar  findings  of  this  nature  have 
been  reported  by  Walters  (13). 

The  use  of  another  organosodium  compound  to  generate  the 
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1 -indenylsodium  is  reported  by  Ziegler  and  Schdfer  (14).  The  addition 
of  two  moles  of  sodium  to  an  ethereal  solution  of  one  mole  of  1  ,1 -diphenyl  - 
ethylene  (VI)  in  the  presence  of  two  moles  of  indene  led  to  the  desired 
product.  Two  competing  reactions  ,  A  and  B  ,  were  thought  to  take  place 
as  shown  in  the  following  equation. 


(B)( 


2  indene 


V 


(A) 


2  indene 


v 


(c6h5)2chch3 


(C6H5)2CHCH2CH2CH(C6H5)2 


+ 


+ 


2  C^Na  2  C^Na 

Eighty  per  cent  or  more  of  the  product  formed  by  way  of  the  faster  route 
B.  Since  route  B  involved  reduction  of  the  ethylenic  double  bond,  the 
authors  investigated  the  possible  generation  of  "nascent11  hydrogen  from 
the  reaction  between  sodium  and  indene.  By  comparing  the  reaction  rates 
of  sodium  with  1  , 1 -diphenylethylene  ,  sodium  with  indene  ,  and  sodium  with 
a  mixture  of  the  two  hydrocarbons  ,  the  conclusion  was  reached  that  the 
first-mentioned  reaction  was  much  faster  than  the  second.  Very  little 
sodium  was  consumed  by  the  indene  itself  under  the  experimental  conditions 
(ether  solution,  3-4  hours  shaking). 
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In  an  investigation  of  the  preparation  of  a  sodium  derivative  of 
indene  ,  Lebeau  and  Picon  (15)  described  the  action  of  sodium  on  indene  in 
liquid  ammonia  in  an  autoclave  at  ordinary  temperatures.  They  reported 
that  subsequent  evaporation  of  the  ammonia  and  extraction  of  the  residue 
with  petroleum  ether  gave  a  50%  yield  of  the  reduction  product,  indan  , 
along  with  the  sodium  derivative.  Similar  reactions  between  diphenyl- 
methane  and  fluorene  with  sodium  in  liquid  ammonia  also  resulted  in 
simultaneous  hydrogenation  of  double  bonds  ,  with  formation  of  disodium 
derivatives.  A  tetr ahydr ofluor ene  was  obtained  after  reaction  of 
dimethylfluor ene  with  sodium  in  ammonia.  The  authors  thus  found  that 
saturated  and  ethylenic  hydrocarbons  were  not  attacked  by  Na/NH3  ,  while 
acetylenic  groups  (— C=CH)  simultaneously  formed  a  sodium  derivative  and 
a  saturated  hydrocarbon  through  reduction  by  the  hydrogen  liberated  in 
the  reaction.  The  aromatic  hydrocarbons  were  not  attacked  in  the  ring  , 
but  an  ethylenic  group  in  the  sidechainwas  hydrogenated.  Polycyclic 
hydrocarbons  were  variously  attackedwith  ring  fission,  hydrogenation, 
and  sometimes  with  formation  of  sodium  derivatives. 

In  I960  ,  a  paper  by  Normant  and  Angelo  (16)  described  the  use  of 
a  naphthalene  -  sodium  system  in  tetr  ahydr  of  ur  an  (THF)  to  metalate  indene 
and  other  acidic  hydrocarbons.  Reaction  between  the  naphthalene  radical - 
anion  and  indene  resulted  in  1 -indenylsodium  in  addition  to  a  mixture  of 
naphthalene  and  dihydronaphthalene.  On  carbonation  ,  however,  the  yield 
of  indene -1 -carboxylic  acid  (VII)  was  only  44%.  The  structure  of  this 
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acid  is  questionable,  as  a  recent  communication  (17)  indicated  that 
indene -3 -carboxylic  acid  (VIII)  is  formed,  rather  than  VII. 


H  COOH 
VII 


The  use  of  Grignard  reagents  to  remove  a  hydrogen  atom  from 
the  indene  molecule  was  first  reported  by  Grignard  and  Courtot  (18). 
Experimental  details  ,  reported  in  a  later  paper  (19)  show  that  1-indenyl- 
magnesium  bromide  is  obtained  by  heating  indene  with  ethyl  magnesium 
bromide  for  10  hours  in  toluene  at  100°.  It  separates  in  large  crystals  , 
from  which  a  number  of  1  -  substituted  indenes  can  be  prepared. 

Zerewitinoff  (20)  used  the  same  reaction  for  the  quantitative  determination 
of  active  hydrogen  in  organic  compounds.  Although  indene  and  fluorene 
did  not  react  with  methylmagnesium  iodide  in  pyridine  solution  at  room 
temperature  ,  a  quantitative  reaction  with  one  hydrogen  atom  occurred 
at  8  5°,  with  evolution  of  one  mole -equivalent  of  methane  gas. 

Furthermore,  the  action  of  indene  on  a  series  of  aliphatic 
or ganomagnesium  derivatives  (RMgX)  at  40-50°  in  di-n-butyl  ether  has 
been  used  to  measure  the  rate  of  hydrocarbon  (RH)  evolution,  in  order 
to  determine  the  bond  forces  between  R  and  MgX  (21). 

The  use  of  or ganolithium  compounds  as  strong  bases  is  reported 
in  detail  by  O.  Blum-Ber gmann  (22)  and  also  by  Schlenk  and  Bergmann  (2  3). 
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From  the  reaction  between  diethylmer cur y  and  lithium  metal,  a  benzene 

solution  of  ethyllithium  was  obtained.  This  was  treated  with  indene  , 

followed  by  diphenylbr omomethane  ,  and  gave  1 -benzhydrylindene  (IX)  in 

good  yield  according  to  the  following  reaction. 

(1)  CH3Ct^Li 

(Z)  (CHJXHBr 
6  5  2 

(3)  FLO 

Z  H  CH(C6H5)2 

IX 

Even  after  careful  work-up,  none  of  the  isomeric  3 -benzhydrylindene  was 
found.  Similarly,  from  the  reaction  of  3 -phenyl-  1  -indenyllithium  (X) 
with  benzophenone  ,  followed  by  dehydration  of  the  product  ,  1 -benzhydryl- 
idene  -  3  -phenylindene  (XI)  was  obtained. 


C6H5 


c6h5 


+ 


\ 


c=o 


■> 


C6H5 


/ 


C6H5 


H  C  -OH 

I 

<C6H5>2 


■h2° 


XI 
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This  then  established  the  structure  of  the  or ganolithium  compound  as 
the  1 -lithio - 3 -phenyl  derivative  (X),  and  not  as  the  allylic  isomer,  1  - 
lithium- 1 -phenylindene  (XII). 


H  Li 

X  XII 


n-Pr opyllithium  has  also  been  used  as  the  metalating  agent  (24)  as 
have  lithiated  diamines  (25).  Ethereal  solutions  of  N -lithioet.hylene - 
diamine  react  smoothly  with  indene  and  other  hydrocarbons  at  -10°  or 
at  room  temperature.  In  general  the  product  isolated  (85-95%  yield) 
is  a  1:1  crystalline  solid  complex  of  the  lithiated  derivative  with  ethylene - 
diamine  ,  according  to  the  following  equation. 

RH  -j-  NH2CHzCH2NHLi  v  ^  RLi  •  NHoCH^CH^LU 

Although  alkyllithlum  compounds  have  been  used  extensively  in 
organometallic  reactions  .  it  is  not  until  1958  that  we  find  the  first 
reported  example  of  an  aromatic  hydrocarbon  reacting  with  lithium  metal 
in  an  ethereal  solvent  (26).  (Phenanthr  ene  and  anthracene  had  been 
metalated  by  lithium  at  an  earlier  date  ,  but  no  solvent  was  specified 
(22,  23)). .  In  THF  as  solvent,  fluorene  and  9 -phenylfluor ene  were 
metalated  with  a  large  excess  of  lithium  metal  at.  or  below  room  temper¬ 
ature  ,  according  to  the  equation: 
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yielding  72%  and  38%  of  9 -fluor enecarboxylic  acid  and  9 -phenylfluor ene  - 
carboxylic  acid  respectively  after  carbonation.  Likewise,  cyclopenta- 
diene  reacted  with  lithium  metal  to  give  a  45%  yield  of  diphenylfulvene 
after  treatment  of  the  reaction  mixture  with  benzophenone .  A  gas  , 
presumably  hydrogen,  was  also  evolved  during  the  reaction. 

Repetition  of  this  work,  as  well  as  a  detailed  study  of  the  chemistry 
of  alkali  metal-unsatur ated  hydrocarbon  adducts  (27)  revealed  different 
results.  The  1:1  adduct  of  lithium  metal  and  biphenyl  in  THF  solution 
as  a  metalating  agent  toward  pseudo  acidic  hydrocarbons  was  found  to  be 
an  excellent  substance  for  the  synthesis  of  certain  or ganolithium  compounds. 
In  addition,  new  insight  was  gained  as  to  the  mechanism  of  such  metalations  , 
and  in  the  metalations  carried  out  by  Gilman  (26).  In  fact  the  above  equation 
was  shown  to  be  incorrect,  and  as  such  a  new  mechanism  was  proposed. 
Results  along  similar  lines  were  published  nearly  the  same  time  by  House 
and  Kramar  (28).  Their  work  will  be  discussed  later  in  the  appropriate 
section  for  Results  and  Discussion  (p.46-47). 

The  work  which  led  to  our  study  of  the  indene  and  acenaphthene 
series  was  the  metalation  and  alkylation  of  fluorene  (29)  ,  published  in  a 
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series  of  papers  (30).  In  this  work,  the  metalat.ion  of  fluorene  by  alkali 
metals  (Li,  Na,  K)  and  the  reactions  of  the  or ganometallic  derivatives 
with  alkyl  halides  ,  deuterium  oxide  ,  and  benzoyl  chloride  were  studied 
by  means  of  infrared  spectroscopy.  It  was  found  that  fluorene  could  be 
metalated  readily  by  potassium  metal  in  dioxan  ,  THF  ,  and  the  ethers  of 
ethylene  glycol.  Dialkyl  ethers  were  inferior,  while  hydrocarbon  solvents 
were  quite  inefficient.  On  the  other  hand,  9  -fluor  enyllithium  and  -sodium 
could  only  be  prepared  successfully  in  THF  or  in  ethers  of  ethylene  glycol. 
Alkylation  or  deuteration  of  these  salts  ,  using  equimolar  quantities  ,  led 
to  mixtures  of  unchanged  starting  material ,  -mono- ,  and  C^-  disubstituted 

fluorene  ,  the  yield  of  the  latter  being  as  high  as  3  5%  in  ether  solvents  ,  but 
less  than  10%  in  hydrocarbon  solvents.  Disubstitution  was  found 
especially  in  the  case  of  the  more  reactive  potassium  and  sodium  salts  , 
while  9 -fluor enyllithium  gave  little  disubstitution  in  ethereal  solvents  and 
produced  exclusively  monosubstituted  fluorene  in  hydrocarbon  solvents. 

The  results  of  this  work  were  explained  in  terms  of  a)  solubilities  of  the 
or  ganometallic  compound  b)  participation  of  the  ether  solvents  in  the 
metalation  reaction  c)  polarity  of  the  carbon-metal  bond  and  d)  acidity  of 
the  hydrocarbon  and  the  monosubstituted  hydrocarbon. 

(iii)  Isomerization  in  the  Indene  Ring  System 

Due  to  tautomerism  in  the  five -member ed  ring,  two  structures 
are  possible  for  monosubstituted  indenes: 
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There  has,  however;  been  much  discussion  in  the  literature  as  to  whether 
these  two  tautomeric  compounds  can  exist  separately.  As  mentioned 
earlier  ,  Marckwald  (10)  reported  the  formation  of  1-benzyl-  and  1-methyl- 
indene  from  the  reaction  of  indene  with  the  appropriate  alkyl  halide  in  the 
presence  of  potassium  hydroxide  at  160°.  Under  the  same,  or  similar 
conditions,  Thiele  and  Blihner  (31)  claimed  to  have  obtained  the  3-(or  X  ) 
isomer.  In  addition,  they  concluded  that  the  two  isomeric  forms  were  the 
same,  and  that  isomerization  did  not  exist,  due  to  oscillation  of  the  double 
bond.  Consequently  the  two  described  forms  of  alkylindenes  must  be 
identical . 

The  work  of  Courtot  (32)  however  ,  disproved  the  "indene  oscillation 
hypothesis".  From  the  reaction  of  indenylmagneaiUm  halide  with  benzyl 
chloride  ,  a  liquid  benzylindene  was  obtained  which  could  be  readily  con¬ 
verted  by  alcoholic  potassium  hydroxide  into  the  solid  benzylindene  obtained 
by  Thiele  and  BUhner.  Courtot  thus  claimed  to  have  obtained  1 -benzyl¬ 
indene  .  He  obtained  further  evidence  to  support  his  view  from  the  reaction 
of  the  dibromide  of  this  compound.  This  dibromide  (XIII)  lost  very  little 
HBr  on  treatment  with  pyridine,  and  formed  only  resins.  On  the  other 
hand,  the  dibromide  of  Thiele's  3 -benzylindene  (XIV)  yielded  the  known 
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1  -benzylideneihdene  (XV),  with  spontaneous  evolution  of  HBr . 


pyridine 

- resins  little  HBr 


CH2C6H5 

Br 

Br 


pyridine 
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-h  2  HBr 


XIV  XV 

Additional  evidence  for  two  distinct  isomers  was  obtained  by  means 
of  potassium  permanganate  oxidations  (19).  The  existence  of  a  distinct 
pair  of  isomers  was  finally  realized  by  Thiele  himself  (33)  ,  and  was  also 
shown  by  Wislicenus  and  Hentrich  (34).  As  result  of  experiments  with 
5-  and  6  -  substituted  indenes  ,  Ingold  (35)  still  believed  that  ihdene  possessed 
a  mobile  tautomeric  system,  an  idea  which  he  (36)  and  also  Dewar  (37) 
maintained  in  spite  of  contrary  evidence  (38).  If  the  non-benzenoid  double 
bond  could  alternate  between  the  1,2-  and  2 ,3 -positions  ,  with  a  proton 
oscillating  between  the  1-  and  3-positions  ,  then  derivatives  containing 
the  same  substituent  respectively  in  the  1  and  3  ,  the  4  and  7  ,  and  the  5  and 
6  positions  would  be  identical.  However  ,  as  has  been  shown  on  many 
occasions  ,  the  double  bond  is  sufficiently  static  to  allow  the  separate 
existence  of  such  pairs  of  isomers.  An  example  of  this  is  seen  in  the 
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synthesis  of  various  substituted  indenes  (39-41)  ,  the  most  recent  work 
being  the  synthesis  of  5-  and  6 -methoxyindene  (42)  and  the  dehydrogen¬ 
ation  of  4-  and  5-indanol  (XVI  and  XVII)  ,  which  yield  4-  and  7-indenol 
(XVIII  and  XIX)  and  5-  and  6-indenol  (XX  and  XXI)  respectively  (43). 
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Under  alkaline  conditions  ,  however  ,  the  mesomeric  anion 


_ 

is  formed,  and  isomerization  occurs  very  readily  between  the  pairs  of 
compounds.  A  recent  study  concerning  the  kinetics  of  the  isomerization 
has  been  reported  (41). 

(iv)  Synthesis  of  the  Indene  Nucleus. 

Although  the  formation  of  the  indene  nucleus  can  be  accomplished 
by  various  means  ,  only  a  few  reactions  are  simple  and  useful  enough  to 
be  carried  out  successfully  for  normal  synthetic  purposes.  For  this 
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reason,  and  because  of  the  fact  that  all  the  methods  of  formation  have 
been  summarized  elsewhere  (44a,  45a)  only  a  few  of  the  reactions  will 
be  described  here. 

a.  Synthesis  ..from  Or tho-Di substituted  Benzenes  . 

One  preparation  of  indene,  demonstrating  its  structure 
at  the  same  time  ,  involves  the  condensation  of  ©<,  ^'-dibromo- 
o-xylene  (XXII)  with  disodiomalonic  ester  ,  yielding  diethyl  indan- 
2  , 2 -dicarboxylate  (XXIII).  This  ,  on  hydrolysis  with  methanolic 
potassium  hydroxide  and  subsequent  acidification,  results  in  indan- 
2  , 2 -dicarboxylic  acid  (XXIV).  The  dicarboxylic  acid,  when 
heated  at  a  temperature  above  its  melting  point  (200°)  ,  readily 
loses  one  mole  equivalent  of  carbon  dioxide  ,  to  yield  indan-2- 
carboxylic  acid  (XXV)  (70%).  Dry  distillation  of  the  barium  salt 
(XXVI)  does  not  result  in  the  formation  of  indan  ,  but  rather  of 
indene  itself  (46). 
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XXV  — 


XXVI  I 

Ring  formation  is  obviously  not  limited  to  the  above  reaction 
since  compounds  such  as  XXVII  -  XXXI  can  also  be  made  to 
undergo  either  cyclization  or  condensation  leading  to  the'  indene 
ring  system. 
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b .  From  Monosubstituted  Benzenes. 

Perhaps  the  most  common  and  most  widely  used  preparative 
method  is  the  cyclization  reaction  of  cinnamic  acid  derivatives  , 
or  compounds  of  a  similar  structure  ,  by  means  of  the  appropriate 
reagent.  An  excellent  example  is  the  Fr iedel-Cr afts  cyclization 
of  3 -phenylpr opionyl  chloride  (XXXLT.)  in  the  presence  of  anhydrous 
aluminum  chloride,  to  yield  1-indanone  (XXXIII),  90%  (47). 
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XXXII 


XXXIII 


Cyclizadions  of  the  corresponding  carboxylic  acids  with  hydrogen 
fluoride  and  sulfuric  acid  are  also  successful,  but  yields  are 
lower  (73%  and  27%  respectively).  If  the  precursors  possess 
substituents  in  the  appropriate  positions  either  before  or  after 
cyclization  ,  substituted  indanones  ,  indans  ,  or  indenes  can 
readily  be  obtained.  Similar  syntheses  are  possible  from  benzene 
and  aliphatic  compounds  ,  which  in  most  cases  lead  at  first  to 
hydr ocinnamic  acid  derivatives  ,  which  are  then  cyclized  further 
(48).  Cyclodehydrations  and  cyclodehydr ohalogenations  of 
hydroxy  or  halogen  derivatives  such  as 


/ 

\ 

X 

X  =  OH  ,  halogen 


generally  proceed  via  the  olefins  ,  which  subsequently  cyclize  , 
yielding  indans.  Work  along  these  lines  has  been  published  by 
Bogert  and  Davidson  (49)  ,  who  cyclized  dimethylphenethyl 
carbinol  (XXXIV)  to  1  , 1 -dimethylindan  (XXXVI). 


o 

0-.>£*  >SH  '  y'  ' 


irxxx 


f;  I  :ii  '  .ibiM  .  -  Y>od‘  C'>  8X1  bnoqas  -iOD  9x  '■  lo  snoi'ES-i  o  3 
ablaiy  iwcf  tIi  =:  o >jj  j  oelf  9i£  biDB  Din/:  i  i  -  1 

s  ;  -jc  .  o  ,r,t  "  bfs.i  b-.  Lf J  i'J  •*  °J  ^6'  '  ' 

ol  Jglil  JB  bB9l  898£3 

>  "c .  s  it  '■  b  bo  o  bn. .  ••  nci  sibyi  3 


5  9V  I  , v r *t sb  iiSv'C  Bil  to  y:  Di'r/ri 


I  .•  q  rrsf’.l  ■[  1  .•  D.Ijs  )(io  -V 


-  21 


ch3 


XXXVI 

Campbell  and  co-workers  (50)  have  studied  the  dehydration  of  some 
phenyl-substituted  ethylenic  carbinols  ,  and  in  one  case  were  able 
to  isolate  an  indene  (XXXVIII)  ,  although  conclusive  structural 
evidence  was  lacking. 


CH-CH— CHCH 
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OH 


H3PO4. 
10%  ^ 


XXXVII 


XXXVIII 


2 .  The  Acenaphthene  System 


(i)  General  Nature  of  the  Acenaphthene  Molecule,  and  the  Reactivity 


of  the  Methylene  Groups . 
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Although  the  literature  abounds  with  reports  dealing  with  indene 
pertinent  to  our  work,  very  little  information  was  encountered  concerning 
the  acenaphthene  molecule.  Because  of  the  favorable  position  on  the 
pKa  s cale, numerous  reactions  have  been  described  involving  condensations, 
alkylations  etc.  with  the  methylene  protons  of  indene.  Acenaphthene  on 
the  other  hand,  is  far  less  "acidic"  ,  and  would  appear  to  occupy  a  position 
far  down  the  acidity  scale.  Although  no  pK  value  could  be  found  for 

cl 

acenaphthene  ,  it  may  perhaps  be  comparable  to  that  of  toluene  and  cumene  , 
which  are  often  given  the  value  of  37  (51)  ,  although  Streitwieser  (7)  and 
Cram  (52)  assign  a  value  of  59  to  toluene.  This  latter  value  may  be 
incorrect,  however.  As  a  consequence  of  this  reduced  activity,  very 
few  reactions  occur  selectively  at  the  Cj  and  positions  ,  thus  making  it 
difficult  to  obtain  substituents  at  these  positions.  Nearly  all  reactions  of 
acenaphthene  reported  in  the  literature  therefore  involve  electrophilic 
substitution  reactions  ,  which  occur  readily  on  the  aromatic  rings  (44b  , 

45b). 

The  chemistry  of  acenaphthene  can  be  traced  back  to  at  least 
1866-67,  when  Berthelot  prepared  the  parent  compound  from  ethylene  and 
benzene  or  naphthalene  by  passing  the  mixture  through  a  bright  red-hot 
porcelain  tube  (53).  At  that  time  he  also  heated  acenaphthene  with 
potassium  metal,  from  which  he  obtained  a  black  potassio  compound,  which 
on  decomposition  with  water  gave  back  the  starting  material  (54).  This 
observation,  which  is  related  to  our  work,  could  indicate  the  intermediacy 
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of  1  -acenaphthenylpotassium . 

Being  a  planar  molecule  (44b,  4 5b),  acenaphthene  seems  to  possess 
a  certain  amount  of  internal  strain  in  view  of  the  reported  values  for  bond 
angles  and  bond  distances  (55).  The  most  recent  X-ray  (56)  and  comput¬ 
ational  structural  analysis  (57)  indicate  ,  however  ,  that  no  unusual  bond 
lengths  are  present,  as  was  formerly  believed.  The  aliphatic  CH^ — CHZ 

-t-  ° 

bond  has  a  bond  length  value  of  1  .  54  x  0 . 02A  ,  with  the  steric  strain  and 
angular  stress  being  evenly  shared  among  the  three  fused  rings  ,  with 
^C1CzC2a=105.  2°  and  Cj  C2  —  1 1  3 . 5°.  The  bond  lengths  of  the 

aromatic  rings  are  nearly  identical  with  those  for  naphthalene.  The 
reported  information  (56)  can  be  summarized  in  the  following  diagrams. 


Berliner  et  al_.  (58)  reported  that  rates  of  bromination  and  solvolysis 
reactions  of  acenaphthene  and  its  derivatives  were  faster  than  expected, 
and  as cr ibed  thi s incr e as e  in  reactivity  to  the  internal  strain.  Paster 
rates  for  lead  tetraacetate  oxidation  of  cis  and  trans  - 1  ,2 -acenaphthene - 
diols  as  compared  to  1  , 2 -cyclopentanediols  and  1  , 2 -cyclohexanediois  also 
seemed  to  indicate  only  a  minor  degree  of  conformational  flexibility  (59).  In 
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addition,  the  cis  diol  showed  very  strong  intramolecular  hydrogen  bonding 
(A2^  =  77  cm-^)  ,  again  ascribed  to  the  conformational  rigidity  of  the 
molecule  . 


As  mentioned  previously,  very  few  reactions  involving  acenapththene 
occur  at  the  Cj  and  C2  methylene  positions.  Reissert  (60)  reported  that 
the  reaction  between  one  mole  of  acenaphthene  and  four  moles  of  amyl 
nitrite  in  the  presence  of  dry  HC1  in  amyl  alcohol  aTfoirdbd  a  monoxime 
of  acenaphthenequinone  in  75%  yield.  Also  the  reaction  between  acenaph¬ 
thene  ,  Michler's  ketone  (XXXIX)  ,  and  sodium  in  benzene  solution  was 
reported  to  have  given  bis -(p- dimethylaminophenyl)  -  1 -acenaphthenyl 
carbinol  (XL)  (61). 


Ill 


Bromination  with  N -br  omosuccinimide  (NBS)  in  carbon  tetrachloride 
or  benzene  solution  also  resulted  in  substitution  at  ,  yielding  l-bromo- 
acenaphthene,  isolated  as  1  -acenaphthenyltr imethylammonium  bromide  (75%). 
A  change  to  the  more  polar  solvents  dimethylfor mamide  (DMF)  or  propylene 
carbonate,  however,  did  not  produce  C  ^ -bromination  ,  5 -br  omoacenaphthene 
being  the  only  isolable  product  (79-94%  yieldH62). 

The  only  other  reaction  taking  place  at  the  methylene  positions 
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involves  oxidations.  Even  these  reactions  are  of  limited  value,  since 
strong  oxidizing  agents  such  as  KMnO^  ,  Na^C^Oy,  etc.  yield  mainly 
naphthalic  acid  (or  the  anhydride).  The  only  oxidizing  agent  which 
does  not  cleave  the  — C2  bond  is  lead  tetraacetate.  This  affords  1- 
acenaphthenyl  acetate  (XLI)  ,  which  can  be  easily  hydrolyzed  to  1-acenaph- 
thenol  (XLII)  ,  a  compound  which  can  be  oxidized  to  1  - acenaphthenone 
(XLIII)  (63). 


+- 
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CH3COO 
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XLIII 

Quite  obviously,  in  order  to  introduce  alkyl  substituents  at  the 
C1  and  Cz  positions  ,  it  would  be  necessary  to  go  via  the  aforementioned 
hydroxyl,  halogen,  or  carbonyl  derivative  .  However,  the  dehydro- 
derivative,  acenaphthylene,  also  offers  a  number  of  possibilities. 
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Virtually  all  other  reactions  of  acenaphthene  give  rise  to  ring 
substitution,  the  substituents  usually  entering  the  3-  and  5-positions,  al¬ 
though  4- acenaphthenyl  derivatives  are  also  common.  Alkylation  of 
the  acenaphthene  nucleus  has  been  studied  ,  but  the  reaction  involved  the 
thermal  decomposition  of  alkyl' benzenesulfonate  esters,  in  the  presence 
of  excess  hydrocarbon  (64).  Mixtures  of  3-,  4-,  and  5-alkylacenaphthenes 
were  obtained  in  rather  poor  yields. 


R  ~  C2H5,  2.-C3H7,  .S.-C4H9,  cyclohexyl 

Even  though  Berthelot  (54)  carried  out  the  metalation  of  acenaphthene 
with  potassium  nearly  one  hundred  years  ago  ,  very  few  metalation 
reactions  have  been  carried  out  since.  Gilman  and  Bebb(65)  reported 
the  metalation  of  acenaphthene  by  n -butyllithium  in  ether  followed  by 
carbonation,  as  giving  a  mixture  of  mono-  and  dibasic  acids  which  were 
not  separated.  Decarboxylation  of  the  products  by  heating  with  calcium 
oxide  and  copper  gave  acenaphthene  ,  while  dichromate  oxidation  yielded 
naphthalic  acid.  Morton  and  co-worker s  (66)  metalated  acenaphthene 
using  n -amylsodium  in  petroleum  ether  at  30-40°.  The  results  indicated 
that  one  sodium  atom  did,  in  fact,  replace  a  hydrogen  atom  in  a  methylene 
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group,  but  a  second  one  entered  the  ring,  giving  a  dicarboxylic  acid 
upon  carbonation  in  about  50%  yield.  Although  no  definite  proof  was 
available  ,  the  authors  felt  it  was  either  the  1  ,6-  or  ,  more  likely,  the 
1  , 5 -dicarboxylic  acid  (XLIV).  Permanganate  oxidation  gave  naphtha¬ 
lene-1  ,4. ,  5  -  tricarboxylic  acid  (XLV)  ,  indicating  that  one  carboxyl  group 
must  have  been  attached  to  a  methylene  unit,  while  the  second  was 
bound  to  the  5-  or  6-position  in  the  aromatic  nucleus. 


Ill 
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Pudovik  and  Muratova  (67)  have  metalated  acenaphthene  using 
lithium  in  diethyl  ether  and  methyl al.  Since  their  investigation  dealt  only 
with  the  effect  of  solvent  structure  on  the  rate  of  metalation  ,  no  further 
details  concerning  reaction  products  were  given,  although  mention  was 
made  of  a  possible  dilithiumdihydr oacenaphthene  derivative.  In  diethyl 
ether,  lithium  and  acenaphthene,  when  shaken  for  40  hours  ,  gave  a  green- 
colored  solution,  which  gradually  changed  to  violet.  The  possibility  exists 
that  the  green  color  is  indicative  of  a  monolithium  salt,  while  the  violet 
color  may  indicate  the  presence  of  a  dilithium  species.  In  methylal , 
a  red-colored  solution  was  observed  after  shaking  the  reactants  for  20 
minutes  . 

Recently,  the  reaction  between  acenaphthene  and  potassium  metal 
has  been  reported  by  Cram  and  Dalton  (68).  One  millimole  of  acenaph¬ 
thene  was  allowed  to  react  with  excess  potassium  in  anhydrous  DME*  for 
17  hours  at  room  temperature,  and  consumed  2.1  gram-equivalents  of 
the  metal.  Decomposition  of  the  black  reaction  mixture  with  water  , 
and  final  analysis  by  gas -liquid  chromatography  (GLC)  showed  two  com¬ 
ponents  in  approximately  equal  yield,  one  being  the  starting  material. 
Although  not  identified,  the  second  product  was  shown  by  infrared  analysis 
to  be  neither  tetrahydr  oacenaphthene  ,  nor  1 -ethylnaphthalene . 

(ii)  Synthesis  of  the  Acenaphthene  Nucleus. 

As  in  the  case  of  the  indenes  ,  very  few  successful  synthetic 
routes  to  the  acenaphthene  nucleus  involving  standard  organic  reactions 


*  1  , 2 -Dim  ethoxyethane 
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exist.  For  this  reason  only  two  pathways  will  be  discussed  here, 
a.  From  Naphthalene  Derivatives 

Perhaps  the  simplest  route  to  acenaphthenes  is  by  means 
of  the  Friedel-Cr afts  cyclization  of  the  readily  available  1 -naphthyl- 
acetic  or  propionid  acids  (XLVIII).  Even  though  a  strained  system 
is  involved,  closure  of  the  five -member ed  ring  via  the  acid  chloride- 
aluminum  chloride  method  takes  place  remarkably  well,  with 
yields  of  80-85%  being  easily  obtained  (69). 


b . 


Similar  reactions  have  been  carried  out  using  1 -tetralone  deriv¬ 
atives  ,  which  require  a  Reformatsky  reaction  prior  to  cyclization  . 
Reduction,  as  well  as  dehydrogenation, is  of  course  required  of 
the  resulting  keto  derivative. 

From  Indene  Derivatives. 

1 -Substituted  indenes  are  readily  available  intermediates 
for  the  synthesis  of  the  acenaphthene  nucleus.  Cyclization  by  the 
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Friedel-Cr afts  method  differs  from  the  above  reactions  with 
respect  to  the  position  of  the  carbonyl  group,  which  is  now 
introduced  in  the  cyclohexane  ring.  Needless  to  say,  this  change 
can  be  used  to  good  advantage. 


I 


NaOCHo 

+-  CH?~  CH—  COOCHo - - - 


O 


LII 


1)  SOCl2 


2)  A1C13 

or 

SnCl, 


H.COOC^^/1 


L 


V 


1)  H2/Pd 

2)  NaOH 


HOOC^y 


LI 


Reduction  of  ketone  LII,  followed  by  dehydration  and  dehydrogenation, 
would  once  again  give  the  desired  acenaphthene  molecule. 


3.  The  Solvent  Role  in  Metalation. 


In  his  review  article,  Schlos ser  (51)  noted  that  the  controlling  factors 
in  direct  metalations  are  the  acidity  of  the  hydrocarbon,  the  electropositivity 
and  particle  size  of  the  metal  used,  and  the  nature  of  the  solvent.  Similar 
factors  were  also  used  by  Scherf  and  Brown  (29  ,  30)  to  explain  their 
observations.  Their  reported  solvent  order,  1  , 2 -dimethoxyethane  (DME) 
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^  1  ,  2 -diethoxyethane  (DEE)  ^THF 


> 


dioxan 


» 


hexane  agrees  well 


with  other  known  observations  (70).  Coates  (71)  emphasizes  the  point 
that  or gano  metallic:  reactions  take  place  very  much  more  readily  in 
ethers  with  a  high  oxygen  to  carbon  ratio.  The  efficacy  of  DME  has  been 
ascribed  to  its  strong  donor  character  ,  thereby  reducing  the  energy  of 
the  alkali  metal  ion  by  solvation. 


Other  important  factors  necessary  for  effective  solvation  are  the  ring  size 
in  the  chelated  solvate  of  the  cation,  and  steric  interaction  (or  lack  thereof) 
caused  by  substituents  near  the  ether  oxygen  (72). 


This  latter  observation  has  also  been  reported  by  Pudovik  and 


Muratova  (67).  From  their  investigation  on  the  effect  of  solvent  structure 
on  the  reaction  rate  of  lithium  with  naphthalene  ,  acenaphthene  ,  and  phen- 
anthrene  ,  a  sharp  decrease  in  rate  was  found  with  increasing  size  of  ether 
alkoxy  groups.  Consequently  reaction  in  methyl*  ethyl  ether  was  faster  than 
in  diethyl  ethe'r,  while  virtually  no  reaction  took  place  in  di-n-butyl  ether... 

When  acetal  solvents  were  employed,  methylal  was  superior  to  diethyl  formal, 
while  di-n-butyl.formal  was  relatively  unsatisfactory.  The  conclusion  was 


reached  that  a  change  in  the  structure  of  the  aromatic  hydrocarbon  had  a 
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comparatively  small  effect  on  the  reaction  rate  ,  being  significantly  smaller 
than  the  change  in  nature  and  structure  of  the  solvents  used  in  the  reactions. 

DME  and  cyclic  ethers  have  also  been  used  as  solvents  for  the 
cleavage  of  aryl  ethers  by  alkali  metals  (73).  It  was  found  that  the  reaction 
rate  depended  in  some  measure  upon  the  solvent  in  the  approximate  order 
DMF^>  THF^>  tetr ahydropyran^  methyltetr ahydr ofur an(MeTHF) .  The 


addition  of  small  amounts  of  ether  to  hexane  solutions  of  butyllithium  and 
alkyl  halides  greatly  accelerated  the  rate  of  metal-halogen  exchange  (74). 


4.  The  Nature  of  Or  ganometallic  Comppunds  .  . 


Related  to  the  nature  of  the  solvent  and,  as  mentioned  earlier  ,  to 
the  application  of  pKa  scales,  is  the  ionic  state  of  organo  metallic  compounds, 
discussed  in  recent  publications  (75,  76).  In  the  first  communication  (75), 
the  authors  report  direct  evidence  for  the  existence  of  two  kinds  of  ion 
pairs  from  the  electronic  spectra  of  the  fluorenyl  carbanion  (F0)..  From 
the  UV-visible  spectra  of  the  lithium,  sodium,  cesium,  and  tetrabutyl- 
ammonium  salts  in  various  solvents  such  as  toluene,  dioxan  ,  MeTHF  ,  THF  , 
DMF  ,  and  pyridine  ,  a  sharp  absorption  peak  at  approximately  355  mu 
was  assigned  to  an  intimate  ion  pair  ,  F®M®  .  Maxima  at  373  and  521  rryx. , 
which  appeared  upon  lowering  the  temperature  ,  were  believed  to  be  due  to 
solvent-separated  ion  pairs  ,  F®  ||  M®.  At  25°,  in  solvents  possessing 


low  dielectric  constants  (toluene  2.38D,  dioxan  2.20D,  MeTHF  4.6D),  the 
ionic  species  were  nearly  completely  made  up  of  intimate  ion  pairs.  In 
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THF  (7.40D)  and  DME  (7.10D)  and  pyridine(  1  2 . 3D)  ,  the  lithium  salts 
existed  mainly  as  solvent-separated  entities.  In  fact,  at  any  temperature  , 
the  lithium  salt  always  yielded  the  highest  fraction  of  solvent- separated 
ion  pairs  ,  whereas  the  poorly  solvated  Cs®,  or  NBu^®  salts  showed  no 
evidence  of  solvent-separated  ion  pairs  in  THF,  even  at  -80°.  Further¬ 
more  ,  the  positions  of  the  absorption  bands  were  affected  very  little  ,  if 
at  all,  by  the  polarity  of  the  medium.  Spectral  studies  of  F^Li®  in 
mixtures  of  dioxan  and  THF  indicated  that  two  molecules  of  THF  were 
probably  involved  in  the  formation  of  F®  Li®.  The  reactivity  of 
solvent- separated  ion  pairs  could  approach  that  of  the  free  carbanions  , 
which  could  perhaps  partly  account  for  the  higher  reaction  rates  observed 
in  more  polar  solvents. 

Dixon  and  corwor kers  ( 76)  have  prepared  complexes  of  9-fluorenyl- 
lithium  and  such  Lewis  bases  as  THF,  DME,  and  diethyHether  .  From 
their  investigations  by  means  of  NMR  the  following  observations  were 


made : 


a)  THF  and  DME  remain  complexed  with  fluorenyllithium 
even  when  the  salt  was  dried  at  room  temperature  for  48 
hours  ,  at  less  than  1  mm.  pressure  .  Integrations  of  the 
spectra  indicated  a  mole  ratio  of  THF :RLi  —3.0-3.2,  and 
of  DMEtRLi  =1 .2-1 . 3. 

b)  The  resonance  due  to  the  remaining  9-proton  in  fluorenyl¬ 
lithium  is  shifted  downfield  by  approximately  3  ppm  from 
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its  position  in  the  fluorene  spectrum, 
c)  The  protons  of  the  complexed  THF  and  DME  are  shifted 

upfield  from  their  original  positions. 

From  these  data,  it  is  postulated  that:  "The  lithium  cation  is  located 
directly  above  the  plane  of  the  aromatic  carbanion  ,  possibly  in  the  7T 
cloud.  It  is  not  intimately  associated  with  the  benzylic  carbon  in  (or 
near)  the  ring  plane  ,  and  is  not  located  on  the  periphery  of  the  ring 
system.  In  addition,  the  base  molecules,  which  are  strongly  coordinated 
with  the  cation,  are  also  located  above  |lie  fluorenyl  carbanion.  As  a 
consequence  ,  both  the  cation  and  base  are  in  the  magnetic  field  due  to  the 
ring  current."  Supporting  the  idea  of  ion  pairs  is  the  example  of 
"internal  return"  ,  described  by  Cram  (52)  ,  and  the  calculations  of  Ebel  (77)  , 
which  showed  that  carbon-alkali  metal  bonds  are  less  polar  than  previously 
accepted.  Additional  studies  (78)  in  the  alkali  radical-ion  complex  of 
pyracene  (LIII)  by  means  of  electron  spin  resonance  (ESR)  indicated  that 
the  formation  of  ion  pairs  increases  with  increasing  radius  of  the  metal 


e 


LIII 


ion,  with  decreasing  dielectric  constant  and,  consequently  with  increasing 
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temperature.  The  formation  of  ion  pairs  in  the  alkali  metal-pyr acene 
system  depends  on  the  counter  ions  ,  it  increases  in  the  order  Li  Na 
K.  Mainly  dissociated  ions  were  present  however  ,  particularly  in  DME; 
some  ion  pairing  occurred  in  THF. 

5 .  Analytical  Methods. 

Due  to  the  lack  of  available  analytical  tools  ,  particularly  GLC 
and  NMR  ,  results  such  as  those  reported  by  Campbell  and  co-workers  ( 50) 
could  hot  be  positively  construed,  and  as  such  were  vague  and  indefinite. 
Although  the  metalation  and  alkylation  of  fluorene  (29  ,  30)  was  followed 
by  means  of  infrared  spectroscopy,  it  was  felt  that  the  NMR  technique 
would  be  a  much  more  effective  method.  The  NMR  spectrum  of  indene  , 
which  is  relatively  simple  ,  has  been  studied  in  detail  (79  ,  80)  while  the 
spectrum  of  the  indenyl  anion  has  also  been  investigated  (81).  The 
former  was  found  to  be  an  AKX2  system,  in  which  the  two  olefinic  protons 
are  separated  by  approximately  30  cps  ,  and  assignments  could  thus  be 
made  relatively  easily.  Furthermore,  since  the  1-  and  3-positions  of 
indene  are  so  very  much  different  from  each  other  ,  it  was  anticipated 
that  a  clear  distinction  could  be  made  between  the  two  monomethyl  isomers  , 
and  between  the  two  xlimethyl  isomers  ,  not  onlyj.on.the  basis  of  the  relative 
positions  of  the  protorife  ;  but  also  by  their  coupling  with  neighboring  hydrogen 
atoms.  As  it  turned  out  ,  the  NMR  technique  proved. to  be  a  very  effective 
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tool  indeed,  a  fact  also  shown  fyy  Bergson  and  Weidler  (41). 

It  was  felt  that  these  principles  could  also  be  applied  for  the 
identification  of  the  various  substituted  acenaphthenes  .  Although  little 
work  has  been  done  in  this  field,  a  complete  analysis  of  the  acenaphthene 
spectrum,  which  showed  some  of  the  features  of  this  system,  has  been 
reported  (82) . 
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RESULTS  AND  DISCUSSION 


This  work  is  presented  in  two  parts  -  Part  I  deals  with  indene  , 
while  Part  II  concerns  itself  with  acenaphthene .  All  the  pertinent  NMR  , 
IR  3  and  UV  spectra  mentioned  in  these  sections  can  be  found  at  the  end 
of  the  Discussion  on  p.  143  to  1  56  „ 

Part  I  -  Indene  . 

Metalation  of  Indene  and  Alkylation  of  Metalated  Indenes 

A .  The  Preparation  of  Methylindenes 

By  extending  the  work  and  results  reported  by  Scherf  and  Brown 
(29  ,  30)  on  the  metalation  and  alkylation  of  fluorene  to  the  indene  system, 
it  was  anticipated  that  methylation  of  the  product  from  the  reaction  of 
equimolar  quantities  of  indene  and  metal  would  afford  a  mixture  of  mono¬ 
methyl-  ,  dimethyl-,  and  perhaps  tr  imethylindene .  Furthermore,  due  to 
the  possibility  of  rearrangement  of  the  double  bond  in  the  five -member ed 
ring,  isomers  of  the  monomethyl-  and  dimethylindene s  might  be  present. 
A  few  qualitative  preliminary  experiments  seemed  to  support  at  least 
some  of  these  ideas.  It  was  thought  advisable  therefore  to  prepare  the 
possible  products  of  metalation  and  subsequent  alkylation  in  order  to  have 
these  compounds  at  hand  for  comparison  with  the  alkylation  products. 
These  comparisons  would  be  made  by  means  of  GLC  retention  times  , 
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infrared  spectra,  and  N MR  spectra.  Accordingly, the  following  compounds 
were  prepared  by  authentic  routes:  1 -methylindene  ,  3 -methylindene  , 

1  , 1 -dimethylindene  ,  1  , 3 -dimethylindene  ,  and  1  ,1  ,  3 -tr imethylindene  ,  as 
well  as  1 -methylindan.  At  the  start  of  this  work,  bf  these  compounds 
only  1 -methylindene  and  1  , 1 -dimethylindene  had  not  been  reported  in  the 
literature,  although  several  reports  on  the  preparation  of  1 -methylindene 
have  appeared  since  that  time  (39-41). 

In  the  course  of  devising  a  scheme  to  prepare  1 -methylindene  ,  it 
was  thought  advisable  to  repeat  the  work  of  Campbell  and  eo-worker s  (50). 

In  their  study  of  the  dehydration  of  some  phenyl-substituted  ethylenic 
carbinols  ,  they  reported  the  formation  of  a  methylindene  (XXXVIII)  from 
the  reaction  between  3 -hydroxy- 1 -phenyl- 1 -butene  (XXXVII)  and  phosphoric 
acid.  Although  one  might  expect  to  obtain  1 -methylindene  (V)  as  a  possible 
product  from  this  reaction,  these  workers  assigned  the  structure  of  3 -methyl¬ 
indene  to  the  product. 


CH-CH-CHCH-j 

I 

OH 


h3po 


4 


XXXVII  XXXVIII 

Even  though  a  rearrangement  of  the  double  bond  is  quite  possible  in  acidic 
medium,  it  is  also  possible  that  such  a  rearrangement  did  not  occur  and 
that  their  assignment  of  structure  was  incorrect.  The  only  evidence  on 
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which  their  structure  was  based  was  the  par achor *  ,  and  the  fact  that  only 

one  reducible  double  bond  was  present  in  the  molecule  ,  indicative  of  an 

indene  rather  than  1-phenyl-  1  , 3 -butadiene  or  1 -phenyl- 1  , 2 -butadiene  . 

The  physical  means  to  distinguish  unequivocally  between  the  two  isomers  , 

1 -methylindene  and  3 -methylindene  were  not  available  at  that  time  ,  and 

chemical  evidence  for  the  support  of  structure  XXXVIII  was  not  presented. 

Although  no  mention  was  made  by  Campbell  and  co-workers  whether  it 

was  the  cis- or  trans-3 -hydroxy - 1 -phenyl- 1 -butene  which  was  dehydrated, 

it  may  be  assumed  that  both  were  investigated,  since  the  syntheses  of 

both  compounds  were  described. 

In  this  laboratory,  trans -3 -hydroxy- 1 -phenyl- 1 -butene  (LIV) 

was  readily  prepared  in  82%  yield  by  treating  freshly  distilled  cinnam- 

aldehyde  ,  which  has  the  trans  configuration  (84)  ,  with  excess  methyl- 

magnesium  iodide  (85).  Attempted  cyclizations  of  the  alcohol  by  heating 

it  with  85%  phosphoric  acid  as  had  been  done  by  Campbell  (50)  ,  or  with 

*The  parachor  is  a  constant  relationship  ,  for  a  given  substance  , 
between  surface  tension  and  density.  This  relationship  is  of 
the  form 

m 

p  _  - 

'V:  rg 


in  which  P  is  the  parachor,  M  is  the  molecular  weight,  Y  is 
the  surface  tension  of  the  substance,  in  liquid  form,  at  a  given 
temperature,  and  an<^  are  t^ie  densities  of  the  liquid  and 
vapor  at  that  temperature.  The  parachor  has  been  used  in 
deciding  the  structure  of  molecules  and  polymers.  It  must 
be  used  with  caution,  however  ,  and  a  number  of  anomalies  are 
known  ( 83) . 
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1  5-20%  polyphosphor ic  acid  on  a  steam  bath  for  30  to  60  minutes  ,  failed. 

The  only  product  obtained  was  a  high-boiling,  viscous  oil,  which  was 
not  identified  but  may  well  have  been  polymeric  phenylbutadiene  (84). 
Replacement  of  the  hydroxyl  group  by  chlorine  according  to  the  method 
of  Muskat  and  Herrman  (84)  ,  followed  by  treatment  with  anhydrous 
aluminum  chloride  in  Skellysolve  B  also  failed  to  give  any  of  the  desired 
indene.  That  these  reactions  failed  to  yield  any  of  the  cyclized  product 
is  in  itself  not  surprising,  since  one  is  dealing  with  the  trans  configuration. 
But  one  report  has  indicated  that  the  trans  carbinol  rearranges  into  the 
corresponding  cis  isomer  with  acid,  in  the  presence  of  heat  (84). 
Accordingly, the  possibility  of  cyclization  starting  with  the  trans  isomer 
does  exist,  though  this  would  depend  upon  the  relative  rates  of  isomerization 
to  the  cis  compound  and  of  polymerization.  In  view  of  the  above  results 
it  seemed  clear  that  the  cis 'isomer  would  be  preferred  for  cyclization. 


ch3  ch3 


trans  cis 

LIV  LV 

The  cis -3-hydroxy- 1 -phenyl-1 -butene  (LV)  was  prepared  by  the 
method  of  Campbell  et  al  (50)  with  the  modification  that  a  catalyst  other 
than  the  reported  one  was  used  during  the  reduction  step.  Thus  ,  as 
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shown  in  the  accompanying  flowsheet,  phenylethynylmagnesium  bromide 
(-kVI)  ,  prepared  from  ethylmagnesium  bromide  and  phenylacetylene  , 
when  treated  with  an  ethereal  solution  of  acetaldehyde  ,  gave  pure 
3 -hydroxy- 1 -phenyl- 1 -butyne  (LVII)  in  65%  yield. 
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C=C— CHCH- 
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Compound  LVII  was  readily  reduced  with  Raney  nickel  and  the  calculated 
amount  of  hydrogen,  but  the  final  product,  obtained  in  90%  yield,  was 
shown  by  GLC  to  consist  of  a  mixture  of  four  components  ,  the  largest  being 
present  to  the  extent  of  60%.  The  use  of  Lindlar's  catalyst  (Pd/CaCO^/ 
Pb(OAc)2)  (86)  however  ,  gave  a  nearly  colorless  oil  consisting  of  only  two 
components  in  the  approximate  ratio  90:10.  These  were  assumed  to  be 
the  cis  and  trans  carbinol  respectively,  since  catalytic  hydrogenation  of 


triple  bonds  leads  to  mixtures  of  cis  and  trans  olefins  ,  in  which  the  cis 
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isomer  predominates  (87,  88a).  Heating  and  stirring  the  cis  alcohol  with 
polyphosphoric  acid  for  30  minutes  ,  followed  by  steam  distillation,  afforded 
a  low  yield  (10-15%)  of  a  colorless  oil  which  consisted  of  a  mixture  of 
products.  By  GLC  retention  times  ,  approximately  20%  of  this  isolated 
reaction  mixture  was  found  to  be  3 -methylindene  (XXXVIII).  The  main 
fraction,  present  to  the  extent  of  60%,  could  be  isolated  and  purified  by 
GLC.  The  NMR  spectrum  of  this  material  was  in  complete  agreement 
with  that  proposed  for  1 -methylindene  (V)  (Fig.  1).  Attempts  to  cyclize 
cis  -  3  -chlor  o-l  -phenyl  -  1  -butene  with  anhydrous  aluminum  chloride  in 
petroleum  ether  at  room  temperature  failed  to  produce  any  of  the  indene 
derivative . 

Since  these  cyclodehydration  reactions  turned  out  to  be  of  little 
synthetic  value  ,  it  became  necessary  to  use  a  different  route.  The 
second  approach  to  the  preparation  of  1 -methylindene  was  one  which  began 
with  the  reduction  of  3 -methyl- 1 -indan one  (LX),  with  subsequent  dehydration 
of  the  resulting  alcohol  (LXI)  in  acidic  medium  to  the  indene.  The  success 
of  this  scheme  depended  upon  the  extent  to  which  the  expected  product 
rearranged  to  the  3  -  substituted  isomer  under  the  reaction  conditions. 

Very  little  was  known  concerning  the  acid-catalyzed  rearrangement  in  these 
systems  ,  but  it  was  hoped  that  at  least  an  equilibrium  of  the  1-  and  3-methyl 
derivatives  could  be  obtained,  in  view  of  our  earlier  results  described 
above . 

According  to  nearly  all  literature  reports  ,  the  ketone  (LX)  has  been 
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prepaied  by  the  Fr  iedel  -  Cr  afts  cyclization  of  ^3 -phenylbutyryl  chloride 

(LIX).  This  acid  halide  therefore  was  prepared  from  its  precursor  , 

ethyl  (3 -methylcinnamate  (LVIII)  ,  which  in  turn  was  synthesized  by  a 

Reformatsky  reaction  between  acetophenone  and  ethyl  bromoacetate  , 

followed  by  dehydration  of  the  product  (50%  overall  yield  of  the  ester)  (89). 

These  reactions  are  shown  graphically  below. 

O  CH- 
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The  subsequent  reactions  involving  saponification  of  the  ester  ,  catalytic 
reduction  of  the  resulting  olefinic  acid,  then  acid  chloride  formation,  and 
final  ring  closure  all  took  place  readily,  giving  a  final  yield  of  the  ketone 
of  56%  based  on  the  ester  LVIII. 

These  rather  elaborate  syntheses  were  discarded  in  favor  of  a  much 
simpler  and  quicker  procedure  ,  reported  by  Koelsch  and  co-workers  (48L 
They  refluxed  a  benzene  solution  of  crotonic  acid  in  the  presence  of  three 
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equivalents  of  anhydrous  aluminum  chloride  and  obtained  the  indanone  in 
one  step.  Unlimited  quantities  of  the  precursor  could  thus  be  obtained 
in  excellent  yield  (82%). 


+  CH^CH— CHCOOH 


CH 
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LX 

At  this  time  a  recent  publication  (39)  was  discovered  describing 
the  preparation  of  1 -methylindene  by  the  above  synthetic  route  as  had 
been  planned  in  this  laboratory.  This  is  portrayed  below. 


Their  preparation  was  repeated  here  and  compound  V  obtained  and  sub¬ 
jected  to  NMR  analysis.  The  spectrum  (Fig.  1)  was  quite  consistent  with 
the  structure.  Other  workers  also  have  supported  this  structure  (40,  41) 
and  have  also  shown  that  isomerization  under  acid  conditions  does  not 
take  place. 

With  the  above  available  information  at  hand,  it  thus  became  possible, 
using  the  same  general  procedure  of  Yarboro  et  al  (39),  to  synthesize  the 
other  unknown  derivative,  1  , 1 -dimethylindene  (LXIV).  By  a  Friedel-Crafts 
reaction,  a  mixture  of  benzene  ,  3 -methylcr otonic  acid  and  three  mole- 
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equivalents  of  aluminum  chloride  gave  3 , 3 -dimethyl- 1 -indanone  (LXH) 
in  82%  yield.  Reduction  of  the  ketone  with  lithium  aluminum  hydride 
(90)  afforded  3  , 3 -dimethyl  - 1  -indanol  (LXI.II)  ,  which  on  dehydration  with 
oxalic  acid  gave  1  , 1 -dimethylindene  in  50%  yield.  The  NMR  spectrum 
of  this  compound  is  shown  in  Fig.  3. 
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The  preparations  of  3-methyl-  (91),  1  ,3-dimethyl-  (92),  and  1  ,1  ,  3- 
tr imethylindene  (93)  were  all  accomplished  following  known  procedures  , 
according  to  the  general  reaction: 


4“  CHoMgl 


3 -methylindene  (XXXVIII) 
1  , 3 -dimethylindene  (LXV) 

1  ,1  ,  3 -tr imethylindene  (LXVI) 
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1 -Methylindan  (LXVII)  was  obtained  by  the  reduction  of  3 -methylindene  using 
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hydrogen  and  platinum  oxide.  The  NMR  spectra  of  the  indenes  XXXVIII, 

LXV  ,  and  LXVI  are  shown  in  Figs.  4,5,  and  6  respectively,  and  are  in 
complete  agreement  with  the  proposed  structures. 

B  .  Concerning  the  Mechanism  of  Metalation.  Hydrogen  evolution 

versus  Birch  reduction  (94)  in  the  reaction  of  lithium  and  potassium  metal 
with  indene  ,  and  comparison  with  results  of  similar  reactions  with  fluorene. 

Recent  work  (27)  has  shown  that  the  formation  of  9 -fluor enyllithium 
from  the  reaction  of  lithium  metal  with  fluorene  in  THF  proceeds  by  way 
of  the  addition  of  the  metal  to  the  hydrocarbon,  followed  by  reaction  of 
this  adduct  with  more  fluorene  to  produce  the  metalated  fluorene  along 
with  reduction  products  of  fluorene.  Although  no  conclusive  evidence 
was  available  ,  the  reduction  products  were  thought  to  consist  of  a  mixture 
of  1  ,2  ,3  ,4 -tetr ahydr ofluorene  and  the  cis  and  tr ans  isomers  of  1  ,2 ,3  ,4  , 

1 0 , 1 1  -hexahydr  ofluor  ene  .  Similarly,  reduction  products  of  biphenyl  were 
observed  when  the  1:1  lithium  metal-biphenyl  adduct  was  used  as  a  metal  - 
ating  agent  for  pseudoacidic  hydrocarbons.  Furthermore,  it  was  found 
that  no  hydrogen  was  evolved  from  the  lithium  metal-fluor ene  reaction, 
although  the  formation  of  hydrogen  has  been  indicated  as  one  of  the  products 
of  the  reaction  between  fluorene  and  the  alkali  metals  (29  ,  30).  In  another 
publication  (28)  it  has  been  reported  that  the  formation  of  tr  iphenylmethyl- 
potassium  from  the  reaction  of  triphenylm ethane  with  potassium  metal  in 
DME  also  produced  no  hydrogen.  Solutions  of  the  reaction  mixture  contained 
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various  cleavage  and  reduction  products  ,  such  as  phenylcyclohexane  , 
phenylcyclohexadiene s  ,  biphenyl  and  diphenylmethane  (28). 

Accordingly  ,  since  some  of  these  results  were  contradictory  and 
subject  to  argument,  one  aim  of  this  work  was  to  investigate  the  question 
of  hydrogen  production  during  the  reaction  of  fluorene  and  indene  with 
lithium  or  potassium  metal. 

Equal  quantities  (0.  1  mole)  of  each  of  lithium  (or  potassium) 
metal  and  indene  (or  fluorene)  were  put  into  100  ml  of  pure  ,  dry  DME  in 
a  standard  3-neck  250  ml  flask,  equipped  with  a  magnetic  stirrer  ,  short 
condenser  and  gas  collecting  apparatus.  All  gases  produced  were 
collected  by  the  downward  displacement  of  water.  The  reaction  mixture 
was  refluxed  until  evolution  of  gas  was  complete  and  the  metal  either  had 
all  been  consumed  or  no  further  reaction  with  the  metal  occurred  (2-22 
hours).  The  longer  reaction  times  were  carried  out  in  some  cases  to 
ensure  that  no  further  gas  evolution  took  place.  Several  blank  runs  were 
also  made  in  which  the  metal  was  heated  in  refluxing  solvent  without  fluorene 
or  indene.  The  results  of  these  experiments  are  shown  in  Table  I,  page 
48.  Although  this  system  is  somewhat  crude,  it  was  quite  adequate  to  show 
whether  hydrogen  gas  was  evolved  in  small,  medium  or  large  amounts. 

Care  was  taken  to  observe  anhydrous  conditions  in  all  reactions  (see 
experimental) . 

The  blank  runs  ,  containing  only  metal  and  solvent,  produced  a 
volume  of  gas  ,  due  nearly  completely  to  the  expansion  and  displacement  of 
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air  ,  equal  to  195-200  ml  when  potassium  was  used.  This,  gas  contained 
1-2%  of  hydrogen  as  determined  by  mass  spectrometry.  When  lithium 
was  substituted  for  potassium,  210  ml  of  gas  was  obtained  which  contained 
only  traces  of  hydrogen.  Gas  "evolution"  was  usually  complete  within 
2  to  3  hours  for  potassium  and  4  to  5  hours  for  lithium, and  no  further 
increase  in  volume  of  collected  material  was  found  in  the  several  runs 
made  where  blanks  were  refluxed  for  nearly  half  a  day. 

A  mixture  of  indene  and  potassium  gave  700-725  ml  of  gas  ,  over 
50%  of  "which  was  hydrogen  (presumably  500  ml)  ,  while  indene  and  lithium 
evolved  800-900  ml,  over  60%  of  which  was  hydrogen  (presumably  600-700 
ml).  Gas  evolution  ceased  in  both  cases  after  3-4  hours  and  no  further 
increase  was  noted  in  cases  where  the  reaction  was  continued  for  an 
additional  12  hours. 

When  a  mixture  of  fluorene  and  potassium  in  DME  was  refluxed, 
350-390  ml  of  gas  was  collected  (an  increase  of  150-190  ml  above  the  blank 
value)  ,  at  least  35%  of  which  was  hydrogen.  However  ,  the  reaction  between 

•t 

lithium  and  fluorene  gave  a  total  volume  of  gas  ,  200-220  ml,  which  mass 
spectrometry  showed  to  contain  about  10%  of  hydrogen,  although  in  one 
case  out  of  the  three. cited  only  2%  of  the  collected  gas  was  hydrogen. 

Small  peaks  at  m/e  =  15  and  27  did  begin  to  appear  however,  when  long 
periods  of  reflux  were  used.  These  presumably  were  due  to  methane  and 
ethylene  respectively,  which  could  arise  from  solvent-metal  interaction 
(see  p.  83) . 
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It  is  quite  apparent  that  fluorene  reacts  with  potassium  to  give 
substantial  amounts  of  hydrogen — but  not  in  the  amount  equal  to  that 
expected  if  the  only  reaction  between  fluorene  and  the  metal  were  one 
of  hydrogen  evolution  according  to  equation  (_a) . 


This  type  of  reaction  can  be  compared  to  the  well-known  ,  similar  reaction 
of  cyclopentadiene  with  the  alkali  metals  (71).  Roughly  11-14%  of  that 
theoretically  required  by  equation  (a.)  was  actually  produced.  On  the 
other  hand,  the  reaction  of  lithium  with  fluorene  definitely  gave  hydrogen, 
but  only  in  small  amounts  —  about  1  .  5%  of  that  theoretically  required  by 
equation  ( a) .  The  detection  of  hydrogen  evolution  in  the  preseht  case  , 
but  none  in  the  work  reported  by  Eisch  and  Kaska  (27)  can  be  accounted 
for  by  the  different  conditions  employed.  The  latter  authors  used  a 
larger  volume  of  solvent(400  ml  of  tetr ahydr ofur an  containing  0.1  mole 
of  fluorene)  and  room  temperature  conditions  ,  while  the  present  work 
employed  100  ml  of  solvent  (DME)  containing  the  same  amount  of  fluorene  , 
and  reflux  temperature.  The  latter  conditions  would  promote  elimination 
of  small  amounts  of  dissolved  hydrogen. 

From  the  results  in  Table  I  it  is  quite  evident  that,  in  addition  to 
reaction  (a)  ,  a  second  reaction,  consuming  the  bulk  of  the  metal,  has 
occurred  — nearly  completely  (98-99%)  in  the  case  of  lithium  and  fluorene  , 
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but  to  a  somewhat  lesser  extent  (85%)  with  potassium  and  fluorene. 
Undoubtedly  this  occurs  by  way  of  reaction  (bj  as  pointed  out  by  Eisch 
and  Kaska  (27)  ,  leading  to  a  Birch-type  of  reduction  (94)  of  a  portion  of 


the  fluorene  to  tetrahydro-  and  hexahydr ofluor enes  . 


LXVIII 


(b) 


LXIX 


The  resulting  radical  LXIX  could  gain  another  electron  from  unreacted 
lithium  to  form  an  anion  which  could  metalate  more  fluorene.  As  Eisch 
and  Kaska  (27)  pointed  out,  certain  lithium  adducts  of  partially  reduced 
aromatic  systems  are  kinetically  very  good  metalating  agents  ,  and 
partially  reduced  fluorenes  should  form  kinetically  stronger  radical  anion 
bases.  Through  successive  reactions  a  portion  of  the  fluorene  thereby 
becomes  reduced  to  tetrahydro-  and  hexahydr  ofluor  enes  .  The  observation 
(27)  that  1.0  mole  of  fluorene  reacted  with  0.82  gram-atom  of  lithium  to 
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provide  0.83  mole  of  9 -fluor enyllithium, lent  further  support  to  the  formation 
of  tetrahydro-  and  hexahydrofluorenes  .  This  can  easily  be  seen  from  the 
following  two  overall  reactions,  where  0.80  and  0.86  gram-atom  of  lithium 
per  mole  of  fluorene  are  required  respectively. 


In  comparison,  the  reaction  of  indene  with  either  potassium  or 
lithium  metal  in  DME  gave  much  more  hydrogen  gas.  Taking  the  blanks 
into  consideration,  the  amount  of  hydrogen  evolved  when  potassium  metal 
reacted  with  indene  was  about  40%  of  the  theoretical  amount,  while  reaction 
with  lithium  gave  about  50%  of  that  required  by  an  equation  similar  to  (a.). 
Obviously  in  these  two  cases  as  well,  the  metal  was  consumed  not  only  by 
the  route  expressed  by  equation  (a)  ,  but  also  by  one  such  as  shown  in 
equation  (b) .  This  is  supported  by  the  isolation  of  indan  as  one  of  the 
products  of  the  reaction,  to  the  extent  of  15-17%  of  the  product  when 
potassium  was  used,  but  only  8-10%  when  lithium  metal  was  employed 
(Table  II,  page  56).  Further  mention  of  the  two  competing  reaction 
mechanisms  will  be  made  in  a  later  section  (p.  55,  57). 
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It  was  noted  that  in  the  case  of  lithium  metal,  the  source  as  well  as 
particle  size  is  apparently  important.  Larger  pieces  of  BDH  lithium  metal 
(98%)  ,  after  24  hours  of  heating  in  refluxing  DME  ,  were  consumed  to  the 
extent  of  48-50%,  and  gave  23%  of  the  product  as  indan.  Tiny  pieces  of 
Fisher  Scientific  lithium  were  93%  consumed  in  20  hours  ,  but  yielded  only 
9%  of  the  product  as  indan.  In  this  particular  section  of  the  work  only  . 
Fisher  Scientific  lithium  was  used  throughout.  The  difference  in  reactivity 
between  the  two  batches  of  lithium  metal  could  in  part  be  due  to  a  slight 
difference  in  the  composition  of  the  metals  ,  although  information  regarding 
the  content  of  impurities  could  not  be  obtained  from  the  supply  houses. 
Sodium  ,  which  is  often  a  chief  contaminant  ,  has  been  shown  to  have  a 
pronounced  catalytic  effect  on  the  ease  of  preparation  of  certain  organo- 
lithium  compounds  (9  5,  cf.  96).  This  may  have  been  the  cause  of  the 
differences  observed. 

It  is  well-known  that  cyclopentadiene  reacts  with  an  alkali  metal 
to  yield  a  half  mole  of  hydrogen,  plus  the  cyclopentadienyl  anion  (71). 
Cyclopentadiene  therefore  ,  reacts  with  a  metal  completely  according  to 
the  equation: 

RH  +-  M  - ^  °-5H2  +■  RM 

Indene  (a  benzocy  clopentadiene)  does  this  to  the  extent  of  40-50%,  while 
fluorene  (a  dibenzocyclopentadiene)  reacts  at  the  most  15%  in  this  fashion. 
This  order  seems  to  correspond  to  the  relative  acidities  of  these  three 
hydrocarbons  (5). 
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In  connection  with  the  observed  competitive  reaction  mechanisms  in 
which  hydrogen  evolution  appears  to  be  more  prevalent  at  higher  temperatures 
the  work  of  Beumel  and  Harris  (97)  supports  our  views.  These  workers 
have  shown  that  in  the  reaction  of  lithium  metal  with  ethylenediamine  in 
benzene  ,  a  competition  occurs  between  direct  reaction  of  the  metal  with  the 
diamine  to  produce  hydrogen  gas  plus  the  lithium  amide  (equation  _c)  , 


Li  -h  NH2CH2CH2NH2 - NH2CH2 CH2NHLi  +  0  .  5H ?  (c) 

and  addition  of  the  metal  to  the  benzene  followed  by  a  Birch-type  of  reduction 
and  lithium  amide  formation  without  hydrogen  evolution  (equation  d) . 


4Li  +■ 


O 


+ 


4NH,CH-,CHJSIH-, - 

L  4  4  4  / 


H-  4NH,CHXH,NHLi 

L  4 


(d> 


Above  85  reaction  (cj  becomes  very  fast,  with  the  evolution  of  a  consider 
able  amount  of  hydrogen.  At  lower  temperatures  ,  hydrogen  evolution 
according  to  process  (c)  is  insignificant,  and  reaction  (d)  predominates, 
giving  nearly  quantitative  reduction. 


C  .  Methylation  of  Indenyllithium  and  Indenylpotas  sium . 

In  preparation  for  the  alkylation,  the  metalated  indenes  were  made 
by  heating  equivalent  amounts  (0.1  mole)  of  indene  and  metal  in  100  ml  of 
refluxing  DME  under  nitrogen  for  a  specified  time.  .  The  unreacted  metal 
was  then  removed  as  much  as  possible  from  the  cooled  solution  and  excess 
methyl  iodide  (^  0.15  mole)  added  dropwise  ,  keeping  the  temperature  of 
the  solution  at  0-5°.  The  reaction  mixture  was  subsequently  analyzed  by- 
gas -liquid  chromatography  (GLC).  Results  of  the  methylations  are 


' 
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assembled  in  Table  II. 

The  following  observations  are  made  from  the  data  in  Table  II. 

1  •  The  amount  of  metal  consumed  appears  to  be  nearly  the  same 

regardless  of  the  duration  of  the  reflux  period  during  the  metalation  , 
within  the  limits  shown.  Whenever  equivalent,  amounts  of  lithium  and 
indene  were  employed,  80-90%  of  the  metal  reacted,  whether  the  mixture 
was  refluxed  for  5  or  22  hours  ,  while  with  potassium  85-90%  of  the  metal 
was  consumed  within  the  limits  of  2  to  1  6. 5  hours.  However  ,  in  the 
case  of  potassium,  when  a  2:1  molar  ratio  of  metal  to  indene  was  used, 
more  than  one  equivalent  amount  of  metal  disappeared  and  this  only  when 
the  reflux  period  was  extended  to  20  hours.  In  no  case  where  excess 
lithium  was  employed  was  more  than  one  equivalent  of  metal  consumed,  even 
though  the  reflux  time  was  extended  to  72  hours  (cf.  Table  VII,  page  86  ). 

2  .  The  amount  of  indan  formed  is  nearly  reproducibly  the  same 

regardless  of  the  time  of  reflux  of  metal  with  indene  or  whether  a  two-fold 
excess  of  metal  was  used.  The  reaction  with  lithium  gave  8-10%  of 
indan  while  that  of  potassium  yielded  15-17%  of  the  product  as  indan. 

These  two  observations  (1  and  2)  ,  coupled  with  the  fact  that  the 
reaction  of  both  lithium  and  potassium  with  indene  produced  substantial 
amounts  of  hydrogen  (Table  I)  ,  strongly  support  the  concept  of  a  competition 
between  two  different  reactions  of  the  metal  with  indene.  One  involves  the 
reaction  of  indene  as  an  "acid11  ,  producing  hydrogen  (equation  e)  and  the 


other  involves  the  formation  of  the  metal  adduct  which  then  metalates  more 
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TABLE  II 

Preparation  and  methylation  of  I -indenyilithium  and  1 -indenylpotas  slum  in  1  s  2 -dimethoxyethane 
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indene  with  simultaneous  formation  of  reduced  indene  (equation  _f)  via  a 


Birch-type  of  reduction  (94). 


0.5H2 


4~ 


(e) 


The  overall  reaction: 


H  H 


H  ,  M 
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The  exact  nature  of  each  reaction  step  in  equation  (f)  is  unknown,  of  course, 
although  there  seems  to  be  little  doubt  about  the  reversible  nature  of  the 
first  step.  Recent  work  (98)  has  shown  the  existence  of  equilibria  between 
metallic  sodium  and  aromatic  hydrocarbons. 

Equation  (ej  predicts  that  equimolar  amounts  of  indene  and  metal 
react  to  produce  0 . 5  mole  of  hydrogen.  Equation  (f)  predicts  that  one  mole 
of  indene  will  react  with  2/3  of  a  gram-atomic  weight  of  metal  yielding  1/3 
of  a  mole  of  indan  and  2/3  of  a  mole  of  the  metalated  indene.  Since  the 
amount  of  metal  consumed  actually  lies  between  2/3  and  1.0  of  a  gram- 
atomic  weight,  and  hydrogen  as  well  as  indan  is  produced,  both  reactions 
(e)  and  (i)  are  required.  Furthermore  ,  from  the  reaction  of  lithium  with 
indene  there  has  been  isolated  a  small  amount  (few  hundred  milligrams)  of 
thecompound  2  ,2'  -biindanyl ,  identified  by  comparison  of  its  NMR  ,  IR  , 
mass  spectrum,  and  melting  point  (and  mixed  melting  point)  with  those  of 
an  authentic  specimen  prepared  from  c<  ,  o<' -dibr omo-o-xylene  and  diethyl 
malonate  (99).  The  formation  of  2  , 2' -biindanyl  is  feasible  from  either  the 
radical  anion,  or  the  indanyl  free  radical,  two  intermediates  suggested  in 
equation  (f) . 
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or 


LXX 


The  first  dimerization  reaction  is  similar  in  nature  to  that  of  the  known 
styrene  radical  anion,  with  the  resulting  dianion  being  able  to  metalate 
more  unreacted  indene.  The  negative  charges  being  in  a  benzylic  position, 
one  might  expect  some  stabilization  due  to  resonance  ,  and  as  such  the 
dianion  might  be  able  to  survive  long  enough  to  be  methylated  by  added 
methyl  iodide.  No  methylated  biindanyl  was  detected,  but  this  is  not 
surprising  in  view  of  the  small  amount  of  the  parent  compound,  2, 2' -bl¬ 
ind  any  1 ,  that  was  found.  Both  coupling  reactions  should  therefore  be 
feasible . 

Attempts  to  isolate  this  biindanyl  from  the  reaction  involving 
potassium  were  fruitless.  The  failure  to  obtain  biindanyl  in  this  instance 
might  be  due  to  the  greater  electropositive  nature  of  the  potassium  metal, 

I 

resulting  in  reduction  of  the  indanyl  free  radical  before  it  could  dimerize. 
There  was  in  all  cases  some  unreacted  metal  left  which  could  do  this.  The 
larger  amount  of  indan  found  in  the  metalation  with  potassium  (15-17%)  than 
from  the  metalation  with  lithium  (8-10%)  can  be  rationalized  in  terms  of  the 
greater  reducing  capability  of  potassium  metal. 

Simple  reduction  and  reductive  coupling  reactions  are  known  to  occur 
quite  frequently  during  metalations  ,  not  only  with  hydrocarbons  ,  but  also 
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with  heterocycles.  An  example  of  the  latter  case  is  the  behavior  of 
phenanthr idine( LXXI)  towards  the  active  metals  Li,  Na,  and  Mg-Mgl2  (100). 
With  lithium  metal  in  THF  solution  for  example  ,  a  dihydro  as  well  as 
a  biphenanthr idyl  derivative  were  isolated  after  hydrolysis. 


LXXII 


3 .  The  amount  of  recovered  starting  material,  indene  ,  is  nearly 

constant  ,  regardless  of  the  length  of  time  for  metalation  ,  when  equivalent 
amounts  of  indene  and  metal  are  used.  No  significant  change  in  the 
amount  of  recoverable  indene  occurred  when  a  2:1  ratio  of  metal  to  indene 
was  heated  in  refluxing  DME  for  a  relatively  short  time  (up  to  3  hours  with 
potassium  metal  and  20  hours  with  lithium  metal-Table  VII*) .  But  extended 
time  of  reflux  resulted  in  lowered  recovery  of  starting  material  (2%  rather 
than  8%  recovery  of  indene  when  a  2:1  ratio  of  potassium  to  indene  was 
heated  for  20  hours  in  refluxing  DME;:  6%  rather  than  9%  of  indene  recovered 
when  a  2:1  ratio  of  lithium  to  indene  was  heated  in  refluxing  DME  for  72 
hours -Table  VII*).  The  decreased  indene  did  not  show  up  as  a  corresponding 
increase  in  the  amount  of  indan  ,  but  might  have  appeared  ,  via  further 
methylation  by  some  route  as  an  increase  in  the  quantity  of  dimethyl- or 
trimethylindene .  A  larger  amount  of  the  polyalkylated  indene  did  in  fact 
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occur  under  these  conditions. 

4  •  The  total  amount  of  monomethylindene  (both  1  -methylindene  and 

3 -methylindene)  is  nearly  constant,  regardless  of  the  length  of  time  of 
metalation.  This  is  to  be  expected  from  a  reaction  involving  two  competing 
pathways  (ej  and  (f)  ,  which  would  then  lead  to  the  formation  of  a  definite 
amount  of  metalated  indene.  For  lithium,  the  total  varied  between  67%  and 
74%  of  the  product.  At  0  °  ,  methylation  of  1  -indenyllithium  gave  both  1- 
methylindene  and  3 -methylindene  in  the  approximate  ratio  of  2 : 1  ,  but 
methylation  at  room  temperature  reversed  this  since  the  ratio  of  1 -methyl¬ 
indene  to  3 -methylindene  was  now  2:5. 

For  potassium  metal,  the  total  amount  of  monomethylindene  was 
59-64%  of  the  product  except  when  the  ratio  of  potassium  metal  to  indene 
during  metalation  was  2:1  ,  and  then  only  for  reflux  periods  considerably 
greater  than  15  hours.  In  this  case,  54%  of  the  product  was  monomethyl¬ 
indene  (Table  II).  The  accompanying  increase  in  di-  and  tr imethylated 
indene  could  readily  account  for  this.  It  is  also  to  be  noted  that  a  2 -hour 
metalation  period  yielded  less  (53%)  of  the  monomethylindene  ,  but  also 
more  recoverable  indene.  This  result  is  quite  likely  due  to  incomplete 
metalation  in  this  time.  A  further  significant  point  is  that  all  of  the  mono¬ 
methylindene  obtained  is  the  3 -isomer  ,  whether  the  methylation  was 
carried  out  at  0°  or  at  room  temperature. 

The  Isomerization  of  1  -Methylindene 

The  isolation  of  both  1 -methylindene  and  3 -methylindene  from  tht-; 
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methylation  of  1  -indenyllithium  ,  but  only  3 -methylindene  from  the  methyl  - 
ation  of  1  -indenylpotassium  is  no  doubt  due  to  the  isomerization  of  the 
initially-formed  1 -methylindene  in  the  presence  of  basic  reagents  ,  possibly 
through  an  equation  such  as  (g). 


In  the  presence  of  the  strong  base  ,  1  -indenylpotas sium  ,  this  con¬ 
version  was  rapid  (^lO  sec)  and  the  equilibrium  indicated  in  equation  (g) 
appeared  to  be  completely  on  the  side  of  3 -methylindene .  Increase  in 
temperature  accelerated  this  conversion  as  shown  by  the  greater  proportion 
of  3 -methylindene  obtained  in  the  methylation  of  1 -indenyllithium  at  room 
temperature  than  at  0°. 

(i)  Thermal  Isomerization  of  1 -methylindene . 

The  isomerization  can  be  accomplished  by  heat  alone.  When  1- 
methylindene  was  refluxed  in  DME  (83°/700  mm)  for  24  hours  ,  no  change 
to  3 -methylindene  was  perceived.  But  when  1 -methylindene  itself  was 
heated  to  reflux  ( '-\>  1  84°/ 700  mm)  and  aliquots,  withdrawn  periodically, 
were  analyzed  by  GLC  ,  the  material  was  converted  94%  to  3 -methylindene 
in  80  minutes  as  shown  in  Table  III. 

The  data  do  not  fit  any  simple  kinetic  order  ,  no  doubt  due  to  the 
polymerization  which  accompanied  isomerization  at  this  temperature  ,  as 
well  as  change  of  reflux  temperature  as  the  isomerization  progressed. 

After  80  minutes  much  of  the  material  had  polymerized  as  shown  by  the 
viscous  material  clinging  to  the  walls  of  the  flask.  Indenes  are  known 
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Isomerization  of  refluxing  1 -methylindene  to  3 -methylindene 
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to  polymerize  readily  when  exposed  to  light  and  heat  (45a,  101). 

The  thermal  isomerization  appears  to  involve  an  equilibrium, 
since  no  change  in  the  4:96  ratio  of  1 -methylindene  to  3 -methylindene 
occurred  during  the  period  of  reflux  between  120  and  180  minutes.  The 
same  proportion  of  these  two  isomers  was  obtained  when  3 -methylindene  ' 
was  refluxed  for  7  hours  (Table  IV).  The  exact  position  of  the  equilibrium 
is  not  certain  since  it  is  not  known  what  the  relative  rates  of  polymerization 
are  for  1 -methylindene  and  3 -methylindene .  The  isomerization,  however, 
occurs  much  more  rapidly  than  does  the  polymerization. 

Shortly  after  our  isopner ization  results  had  appeared  in  print  (102), 
similar  work  by  Cristol  ,  Plenat ,  and  Huebner  (101)  confirmed  our  views. 
These  workers  also  found  that  isomerization  by  heat  alone  could  be  achieved, 
although  the  presence  of  a  metallic  catalyst  (10%  Pd  on  charcoal)  increased 
the  rate  of  isomerization  considerably.  In  the  absence  of  catalyst, 
stirring  1 -methylindene  at  room  temperature  for  150  days  did  not  effect 
any  change  at  all,  but  heating  at  164°  for  2  hours  yielded  19.9%  of  the  3- 
methyl  isomer  ,  while  96%  of  the  latter  was  formed  after  a  two-hour  period 
at  222°.  The  high-temperature  rearrangement  (222°)  was  also  accompanied  by 
by  the  formation  of  1 .4%  of  1 -methylindan  ,  even  though  no  catalyst  was 
present.  Similarly,  by  heating  3 -methylindene  at  222°  for  1  hour,  94.4% 
of  the  starting  material  remained,  while  4.2%  of  1 -methylindene  and  1.4%  of 
1 -methylindan  had  formed.  When  they  repeated  the  experiment  in  the 
presence  of  10  and  50  mg.  of  catalyst,  results  indicated  a  3.7:96.3  and 
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3.4-96.6  ratio  of  1 -methylindene  to  3 -methylindene  respectively,  after 
correction  had  been  made  for  the  presence  of  reduction  product  (23.5% 
and  6 1  .  5  %  respectively).  Obviously,  their  work  is  in  complete  agreement 
with  that  of  ours  ,  with  the  exception  that  we  did  not  observe  any  1  -methyl- 
indan.  The  formation  of  the  reduction  product,  even  in  the  absence  of 
palladium  catalyst,  was  believed  by  the  French  authors  to  be  due  to  a 
hydrogenation-dehydrogenation  reaction  at  these  high  temperatures  , 
leading  to  the  formation  of  1 -methylindan  and  1 -methyleneindene .  The 
latter  hydrocarbon  is  known  to  polymerize  quite  readily  (19)  ,  and  could 
account  for  the  observed  polymeric  residue. 


1- 

3 

The'  equilibrium  between  1-  and  3 -methylindene  is  therefore  believed  to 
be  "perturbed"  by  the  disproportionation  reaction  (101). 

Additional  thermal  rearrangements  of  5-  and  6 -methoxyindenes 
have  very  recently  been  reported  with  similar  observations  by  Winter 
et  al  (42) . 

(ii)  Base-c atalyzed  isomerization  of  1  -methylindene 
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As  expected,  the  base -catalyzed  isomerization  of  1  -methylindene 
proceeded  much  more  rapidly  than  did  the  thermal  isomerization,  and 
the  rate  of  this  transformation  depended  upon  the  strength  of  the  base. 

The  results  of  several  qualitative  tests  are  shown  in  Table  V,  and  indicate 
that  the  effectiveness  of  the  bases  used  were  ,  in  order  of  decreasing 
catalytic  power,  1 -indenylpotassium  >  methanolic  NaOH  1-indenyl- 
lithium  >  pyridine. 

The  base-catalyzed  isomerization  of  1 -methylindene  eventually 
yielded  only  3 -methylindene .  This  is  supported  by  the  fact  that  only 
3 -methylindene  was  obtained  from  the  reaction  of  1 -indenylpotas sium 
with  methyl  iodide.  Further  support  for  this  view  was  obtained  from 
the  treatment  of  a  solution  of  3 -methylindene  in  DME  with  methanolic  sodium 
hydroxide.  Addition  of  the  base  gave  an  instantaneous  yellow  colour,  due 
to  the  indenyl  carbanion  ,  which  became  darker  when  the  mixture  was 
shaken  for  2  minutes.  No  conversion  of  the  3 -methylindene  to  1 -methyl¬ 
indene  was  detectable  by  GLC.  Further  shaking  of  the  mixture  for  an 
additional  1  5  or  30  minutes  failed  to  alter  the  result  (cf.  expt.  No.  5, 

Table  V). 

The  difference  between  the  base -catalyzed  and  the  thermal  isomer¬ 
ization  may  be  due  to  the  fact  that  in  the  former  case  we  are  dealing  with 
the  two  contributing  structures  below,  existing  perhaps  as  free  ions  or  ion 
pairs  ,  wherein  the  right  hand  form  is  practically  completely  predominant. 
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This  argument,  however  ,  may  be  questionable.  Even  if  the  postulated 
free  ions  or  ion  pairs  are  present  to  an  appreciable  extent,  they  would 
involve  an  equilibrium  with  the  respective  neutral  molecules  ,  and  thus 
would  depend  upon  the  free  molecule  equilibrium. 

The  difference  between  the  room  temperature  base  -  catalyzed 
rearrangement  and  the  thermal  rearrangement  can  be  adequately  explained 
on  the  basis  of  simple  chemical  thermodynamics.  From  the  thermal 
rearrangement  a  96:4  equilibrium  was  reached  between  3  -methylindene 
and  1 -methylindene  at  approximately  200°C.  From  the  equation 

-  AF  =  2.303  R  T  log1QK 

where  K  =  the  equilibrium  constant  between  the  two  isomers 

_  [3 -methylindene] 

U  -  methylindene] 

_  96 

4 

=  24 

the  free  energy  difference  between  the  two  isomers  we  found  to  be  approxi¬ 
mately  3  kcal/mole.  By  using  this  value  ,  the  equilibrium  constant  at 
room  temperature  could  be  calculated,  and  was  found  to  be  ^  150.  Hence 
at  room  temperature  one  would  expect  to  find  virtually  none  of  the  1 -methyl 
indene  and  more  than  99%  of  the  3 -methylindene . 

In  relation  to  the  thermodynamic  stabilities  of  the  neutral  molecules 
one  would  expect  the  3 -methylindene  to  be  the  more  stable  isomer  ,  since 
it  contains  the  more  highly  alkylated  olefinic  bond  (88b,  103). 
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Evidence  against  free  indenyl  anions  such  as  mentioned  above  ,  and 
against  equation  (g)  ,  has  been  brought  forth  by  Bergson  and  Weidler  (41). 
From  their  kinetic  studies  on  the  proton  mobility  in  the  indene  ring  system 
they  favor  ,  not  a  base -catalyzed  concerted  mechanism,  e.g. 


nor  a  stepwise  mechanism  involving  free  anions,  e.g. 


,0 


-1-  H  — C— C=TC— 


BH  -f  — C — C— - ^rearrangement 


but  rather  a  pure  intramolecular  hydrogen  migration  catalyzed  by  base. 
Studying  the  hydrogen  exchange  between  indene  and  deuterium  oxide  at 
room  temperature  in  pyridine  solution  with  tr iethylamine  as  a  catalyst 
by  the  NMR  technique  ,  they  observed  that  the  exchange  rate  obeyed  pseudo- 
first-order  kinetics  ,  and  that  it  was  proportional  to  the  base  concentration  and 
and  the  initial  concentration  of  the  deuterium  oxide.  Substitution  by 
deuterium  occurred  at  the  1-  and  3 -positions.  They  considered  the  following 
four  reactions: 


+  B 


Reaction  1 
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Reaction  2 
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Reaction  3 
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Reaction  4 


and  found  that  k^  £h~]  and  k^  [pQ  <<C  k  j'-ok  ^  >  where  h  and  d  are  the  concen¬ 
tration  of  H^O-protons  and  D^O-deutrons  respectively.  This  means  that 
the  recombination  rate  of  the  indenyl  "anioh'^BH  pair  is  much  higher  than 
is  the  rate  of  reaction  of  the  indenyl  "anion"  with  H^O  and  D2O.  Kinetically  , 
however  ,  they  found  it  impossible  to  distinguish  between  any  one  mechanism 
from  the  above  scheme,  and  reactions  1-4  contain  formally  all  possible 
mechanisms  from  stepwise  to  concerted,  with  a  continuous  transition 
between  these  two  extremes. 

Additional  observations  from  the  NMR  analysis  led  Bergson  and 
Weidler  to  believe  that  a  pure  concerted  or  stepwise  mechanism  could  not 
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be  the  only  one  operating  in  the  system.  In  addition,  the  rate  of  racemiz- 
ation  of  optically  active  1 -methylindene  ,  also  proportional  to  the  catalyst 
concentration,  was  found  to  be  approximately  equal  to  the  isomerization 
rate  ,  and  very  much  greater  than  the  rate  of  hydrogen-deuterium  exchange 
with  solvent.  Isomerization  of  1  -methylindene  in  a  medium  containing 
deuterium  oxide  showed  a  very  small  hydrogen  exchange  as  compared  to 
the  rate  of  isomerization.  Such  observations  were  concluded  to  be  incon¬ 
sistent  with  a  stepwise  mechanism  involving  the  formation  of  a  mesomeric 
carbanion  which  is  subsequently  protonated  by  the  conjugate  acid  of  the 
basic  catalyst.  Protonation  of  the  methylindenyl  anion  exclusively  in  the 
unsubstituted  position  was  believed  to  be  unlikely.  A  concerted  mechanism 
could  be  excluded  since  the  reaction  medium  contained  no  protonating 
agents  which  could  attack  the  indene  at  the  same  time  as  did  the  base. 

The  above  considerations  led  to  the  proposal  of  a  second  mechanism, 
an  intramolecular  proton  transfer  from  the  1  -  to  the  3 -position,  which  was 
also  found  to  be  considerably  faster  than  the  hydrogen-deuterium  exchange. 
This  hydrogen  transfer  was  intramolecular  in  the  sense  that  it  did  not 
involve  participation  of  protons  from  the  medium;  i.e.  the  proton  in  the 
1 -position  of  the  starting  material  was  identical  with  the  proton  in  the 
rearranged  product. 

Additional  kinetic  studies  by  the  same  workers  involving  1 -benzyl - 
indene  ,  1  -methyl-3 -isopr opylindene  ,  and  1  -methyl-3 -tert-butylindene 
using  pyridine  solutions  of  tr iethylamine  ,  n-butylamine  ,  1  ,4-diaza-bicyclo 
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Q2 . 2 .  Z\  octane,  and  <x-phenylethylamine  were  undertaken.  Some  of  their 
results  are  summarized  in  Table  VI,  page  73. 

Isomerization  of  optically  active  1  -methyl-3 -isopr opylindene 
(  i=  -1.5°)  resulted  in  optically  active  1  -is opr opyl-3 -methylindene 

(  C^D  — +1-35°),  the  rearrangement  thus  being  stereospecific.  This 
stereospecificity  suggested  that  the  tautomeric  rearrangement  involved 
neither  a  concerted,  nor  a  stepwise  mechanism,  but  rather  a  pure  intra¬ 
molecular  hydrogen  migration,  which  may  be  illustrated  as  follows: 
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^  ^  ' 
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Some  of  the  stereospecificity  of  the  i  re arrangement  was  lost  however, 
when  DMSO  was  used  as  the  solvent.  Furthermore,  when  potassium 
tert-butoxide  was  taken  as  the  catalyst  in  tert-butyl  alcohol  solution,  the 
rate  of  racemization  was  much  greater  than  the  isomerization  rate.  These 
results  may  perhaps  be  explained  by  the  presence  of  a  stepwise  -  or  concerted 
mechanism,. 

Whether  only  one  mechanism  is  operative  during  the  is omer izations  , 
or  whether  more  than  one  participate  at  the  same  time  can  perhaps  not  be 
fully  concluded.  Our  results  on  the  thermal  rearrangement  of  1 -methyl¬ 
indene  do  not  disagree  with  the  intramolecular  hydrogen  shift. 

Noteworthy  is  the  fact  that  no  isomerization  whatsoever  occurred 
when  a  solution  of  1 -methylindene  in  DME  containing  6N  hydrochloric  acid 
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was  stirred  and  refluxed  for  1.5  hours.  Bergson  and  Weidler  (41),  as 
well  as  Cristol  and  co-workers  (101)  reported  similar  observations.  Con¬ 
tact  with  strong  acidic  reagents  (AICI3,  H3PO4/P2O5)  did  cause  an 
immediate  and  quantitative  formation  of  a  polymeric  product  (101). 

5 .  Dime  thy  lindene  (both  1,1-  and  1  , 3 -dime  thylindene)  was  produced 

in  both  cases  when  the  metalated  indene  ,  obtained  from  the  reaction  of 
equivalent  quantities  of  metal  and  indene  ,  was  treated  as  usual  with  a  50% 
excess  of  methyl  iodide.  Under  the  conditions  used,  somewhat  more 
dimethylindene  was  obtained  from  1 -indenylpotas sium  (12-16%)  than  from 
1  -indenyllithium  (11-1  3%) . 

About  15-25 %  of  the  dimethylindene  was  the  1  ,1 -dimethyl  isomer. 

This  rose  to  33%  when  the  metalated  indene  was  prepared  by  heating  an 
excess  of  potassium  with  indene  for  20  hours.  But  generally,  long  or 
short  periods  of  reflux  during  metalation  with  an  equivalent  quantity  of 
metal  and  indene  did  not  change  this  proportion  (15-25%)  much.  Further¬ 
more,  from  the  results  in  Table  II,  no  clear  indication  exists  of  the  effect 
of  temperature  during  methylation  on  the  proportion  of  1  , 1 -dimethylindene 
to  1  ,3 -dimethylindene  . 

Possible  routes  leading  to  dimethylindenes 

There  are  a  number  of  ways  by  which  dimethylindenes  could  be 
formed. 

(i)  One  route  could  be  via  a  metal  exchange  reaction  such  as  that  shown 

in  equation  (h)  in  which,  for  example,  the  newly  formed  1 -methylindene  could 
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react  with  1 -indenylpotassium  to  form  indene  and  1 -methyl- 1 -indenyl- 
potassium.  The  latter  substance  would  then  react  with  methyl  iodide  to 


give  both  1  , 1 -dimethylindene  and  1  ,  3 -dimethylindene  .  Obviously,  a 
similar  exchange  reaction  could  occur  between  1 -indenylpotas slum  and 
3 -methylindene  ,  leading  to  the  formation  of  the  same  products. 

(ii)  A  second  route  might  be  by  reaction  of  the  monomethylindene  with 
residual  metal  adduct  according  to  equation  (i)  ,  yielding  both  reduced 
material  (e.g.  indan)  and  metalated  1 -methylindene . 


(iii)  A  third  pathway  to  the  dimethylindene  could  be  due  to  the  presence  , 
during  the  methylation  step  ,  of  unremoved  unreacted  metal.  This  ,  either 
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by  direct  reaction  with  methylindene  accompanied  by  hydrogen  evolution, 
or  by  prior  formation  of  a  metal  adduct  with  the  1  -methylindene  or 
liberated  indene  followed  by  reaction  of  the  adduct  with  methylindene  , 
would  produce  metalated  1 -methylindene  . 

(iv)  Finally,  it  is  also  possible  that  prolonged  reflux  of  the  metal  with 
the  solvent,  DME  ,  might  produce  basic  materials  which  could  then  readily 
bring  about  alkylation  of  methylindene  and  the  liberated  indene. 

In  support  of  the  exchange  process  (equation _h)  is  the  recovery  of 
substantial  amounts  of  indene  from  the  methylation  reactions.  That  all  of 
the  indene  had  originally  reacted  with  the  metal  during  metalation  (equations 
e^  andj)  is  indicated  by  the  similarity  of  results  obtained  from  both  short 
and  long  metalation  periods.  Incomplete  reaction  of  metalated  indene 
with  methyl  iodide  was  ruled  out  since  the  color  of  the  indenyl  carbanion 
rapidly  disappeared  upon  addition  of  the  methyl  iodide.  Accordingly,  the 
recovered  indene  most  likely  arose  from  a  reaction  such  as  that  in  equation 
(h) .  However  ,  equation  (h)  predicts  that  one  mole  of  indene  is  regenerated 
for  each  mole  of  dimethylindene  produced.  It  was  actually  observed  for 
the  lithium  salt  that  the  ratio  of  indene  to  dimethylindene  in  the  product 
was  between  7/13  and  10/12,  while  for  the  potassium  salt  this  ratio  was 
8/16  to  8/12  (Table  II).  In  fact,  when  a  2:1  proportion  of  potassium  metal 
to  indene  was  used  during  metalation,  the  ratio  of  indene  to  dimethylindene 
was  only  2/19. 

Work  has  appeared  in  the  literature  both  for  and  against  the  exchange 


t>‘  it  ' 


IT  e;  |r  iiQiiuupa)  is 


J  !•  ii  i»b  |  ;ii  fc-  m  .  o i  b 

3-  s'.^r  •  a  r  ihi  >oi  .liar  n 

•k  :  1  y  : j  i crt  s  to  5.  i  no<  u  be*» mm.  eib  y  biq  ,• 
oil:  si  6  cr  5'i  3  oi">  /I  til  1'  t  di  -bni  bsvsvoadi 


i  tq  .  ;£  /  >  .1  .  (II  si i  ,  /Si  \B  O  r»  \H 


77 


reaction  illustrated  by  equation  (h) .  In  support  of  the  exchange  reaction 
O.  Blum-Bergmann  (22)  noted  that  when  3 -phenyl- 1 -indenyllithium  (X)  was 
shaken  with  methyl  chlor  of  or  mate  ,  the  expected  3 -phenylindene  -  1 -carboxylic 
acid  methyl  ester  was  not  isolated.  Instead  the  diester,  3-phenyl-l  ,1- 
dicarbomethoxyindene  (LXXI.V)  was  obtained.  Obviously  the  first-formed 
monoester  must  have  undergone  an  exchange  reaction  with  more  of  the 
indenyllithium,  since  a  nearly  theoretical  amount  of  3 -phenylindene  was 


C1COOCH 


4 


recovered.  A  similar  reasoning  has  been  offered  for  the  dimethylation  of 
9 -fluorenyllithium  (22). 

Hauser  and  co-worker  s  ( 1  04)  have  shown  definite  evidence  for  an  exchange 
reaction  like  that  in  equation  (h).  Alkylation  of  the  dipotassium  salt  of 
acetylacetone  using  one  (or  even  less  than  one)  equivalent  of  alkyl  halide  in 
liquid  ammonia,  not  only  resulted  in  fair  to  good  yields  (35-57%)  of  mono- 
alkylated  product  ,  but  also  substantial  amounts  of  the  1  , 5 -dialkylated 
product  (14-26%). 
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The  partial  conversion  of  the  monopotassio  salt  LXXVI  to  dipotassio  salt 
LXXVII,  effected  by  dipotassio  salt  LXXV  ,  was  clearly  demonstrated.  No 
such  exchange  resulting  in  dialkylation  was  noted  when  disodio-  and  dilithio- 
acetylacetone  were  employed. 

Dressier  and  Kurland  (105)  have  reported  the  cyanoethylation  of 
excess  indene  using  catalytic  quantities  of  benzyltr imethylammonium  chloride- 
KOH  as  the  base  as  yielding  only  3 -indenepr opionitr ile  (38%).  With  excess 
acrylonitrile  only  poly cyanoethylated  indenes  were  isolated,  namely  1  ,1 -indene  - 
dipr  opionitr  ile  (20-25%)  and  1  ,1  , 3 -indenetr  ipr  opionitrile  (70%).  By  varying 
the  experimental  conditions  therefore  ,  mono-  or  polyalkylated  indenes  can  be 
obtained.  However  ,  due  to  the  lack  of  information  concerning  product  analysis, 
no  conclusive  evidence  either  for  or  against  an  exchange  route  is  available. 
Noteworthy  is  the  fact  that  no  1  ,3 -disubstituted  indene  was  obtained. 

Lansbury  and  Thedford  (106)  on  the  other  hand  considered  acid-base 
equilibrations  rather  unimportant  in  determining  product  distributions. 

Following  metalation  of  fluorene  by  lithium  aluminum  hydride  in  pyridine 
solution,  benzylation  resulted  in  considerable  quantities  (26-47%)  of  9,9-di- 
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benzylfluorene  only  when  excess  hydride  was  present,  or  when  benzyl  chloride 
was  added  slowly  to  9 -fluorenyllithium .  Rapid  addition,  inverse  addition,  or 
the  absence  of  excess  base  only  resulted  in  the  formation  of  a  mixture  of 
starting  material  and  9 -benzylfluorene . 

Even  though  an  exchange  route  is  very  likely,  our  results  also 
indicate  that  it  is  not  the  only  way  in  which  dimethylation  of  indene  can  be 
achieved . 

The  second  route  suggested  (equation  i),  involving  the  presence  of 
residual  metal  adduct,  appears  unlikely  since  the  formation  of  2-methyl- 
indan  ,  the  product  of  the  reaction  of  methyl  iodide  with  2 -indanyllithium  , 
should  be  expected  if  significant  amounts  of  the  residual  metal  adduct  were 
present.  Careful  GLC  analysis  failed  to  reveal  any  methylated  indans. 
However  ,  the  presence  of  more  complicated  metal  adduct  structures  which 
could  cause  reaction  such  as  equation  (i)  and  themselves  be  non-detectable 
upon  work-up  by  GLC  cannot  be  ruled  out. 

That  the  presence  of  unreacted  metal  does  increase  the  proportion 
of  dimethylated  product  has  been  shown  previously  when  equivalent  amounts 
of  potassium  and  fluorene  were  allowed  to  react  only  for  a  limited  time  so 
that  much  unreacted  metal  was  visibly  present.  Methylation  of  this  mixture 
gave  a  higher  proportion  of  9  ,9 -dimethylfluor ene  than  that  obtained  when  the 
fluorene  and  potassium  had  first  been  allowed  to  react  much  more  fully  (30). 

In  the  present  case  some  of  the  metal  may  have  dispersed  in  a  finely  divided 
state  and  thus  was  not  removed.  This  is  more  likely  with  potassium  than 
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with  lithium  since  at  the  reflux  temperature  of  DME  ,  potassium  was  molten 
and  thus  could  be  dispersed,  while  lithium  remained  solid.  It  was  thus 
more  difficult  to  remove  all  of  the  metallic  potassium  than  the  metallic 
lithium.  Somewhat  more  dimethylindene  was  in  fact  obtained  from  the 
indenylpotas  sium  than  from  indenyllith  ium  .  However  ,  if  enough  unreacted 
metal  was  present  to  cause  the  formation  of  much  of  the  dimethylindene  , 
indicated  in  Table  II,  then  the  formation  of  metal  adducts  of  not  only  the 
regenerated  indene  but  of  the  monomethylindene  is  expected,  with  the 
latter  yielding  1 -methylindan.  No  evidence  for  the  formation  of  methylindan 
was  obtained,  suggesting  that  substantial  amounts  of  unreacted  metal  were 
not  present.  The  fact  that  from  the  lithium  and  potassium  reaction  roughly 
similar  percentages  of  dimethylindene s  were  obtained,  and  that  most  if 
not  all  of  the  unreacted  lithium  metal  could  be  removed,  also  argues  against 
participation  of  significant  amounts  of  unreacted  metal  in  the  formation 
of  dimethylindene s  . 

The  following  experiments  bear  directly  on  the  question  of  whether 
or  not  unreacted  metal  was  present  during  the  methylation  reaction.  When 
1 -indenylpotas sium  (from  0.1  mole  of  indene  and  0.1  gram-atom  of  potassium) 
was  isolated,  dissolved  in  fresh  DME  and  the  mixture  then  refluxed  with 
more  potassium  metal  (3.9  g)  for  36  hours,  only  2.0  g  of  the  metal  could 
be  recovered  intact.  Similarly,  when  a  mixture  of  7.8  g  (0.2  mole)  of 
potassium  in  100  ml  of  DME  containing  0. 1  mole  of  indene  was  refluxed 
for  49  hours  ,  it  was  found  that  2.6  g  of  potassium  beyond  the  equivalent 
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amount  required  by  the  indene  had  been  consumed.  That  this  was  not 
dispersed  as  finely  divided  metal  was  indicated  by  the  insignificant  amount 
of  gas  evolved  (H^  "^30  ml)  when  water  was  cautiously  added  to  the  resulting 
cooled  residue  after  as  much  as  possible  of  the  obviously  unreacted  metal 
had  been  removed.  These  results  indicate  the  possibility  that  the  excess 
metal  was  consumed  via  some  type  of  metal  adduct  formation  which  then 
would  undergo  a  Birch  reduction  upon  addition  of  water.  This  "metal 
adduct"  could  readily  metalate  the  liberated  indene  or  1  -methylindene 
during  the  alkylation  step. 

The  final  route  to  dialkylation  suggested  above  involves  reaction  of 
the  metal  with  the  solvent  to  produce  basic  species.  That  DME  could 
react  with  metallic  potassium  is  not  unreasonable  since  it  has  already 
been  reported  that  ethereal  solvents  such  as  dioxan  (107)  and  aryl  ethers 
(73)  are  attacked  by  metal.  Coates  (71)  also  makes  mention  of  the  fact 
that  ethers  are  attacked  by  most  or ganolithium  compounds.  When  potassium 
metal  was  heated  in  refluxing  DME  for  periods  of  3  ,  16.5  and  36  hours  , 
the  resulting  solutions  cooled,  and  the  unreacted  metal  removed  as  much 
as  possible,  there  was  clearly  visible  in  each  case  a  nearly  colorless 
precipitate.  Filtration  gave  a  solid  whose  apparently  metal-free  portion 
gave  a  definite  basic  reaction  with  pH  indicator  paper.  The  filtrate  (DME) 
when  refluxed  with  indene  and  then  treated  with  excess  methyl  iodide  gave  , 
upon  work-up  and  analysis  of  the  indenes  ,  recovered  unreacted  indene  con¬ 
taining  about  1-2 %  of  methylindene.  The  alkylindene  could  have  been  made 
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by  the  reaction  of  a  small  amount  of  dissolved  base  present  in  DME  since 
addition  of  indene  to  the  DME  so  prepared  produced  a  dark  color  character¬ 
istic  of  the  indenyl  carbanion. 

When  potassium  metal  (3.9  g)  was  heated  in  refluxing  DME  (100  ml) 
for  17  hours  ,  the  solution  cooled  and  freed  as  much  as  possible  from 
unreacted  metal,  there  still  remained  tiny  visible  particles  of  free  metal 
along  with  the  sludge  of  solid  previously  noted.  Addition  of  indene  to  the 
unfiltered  mixture  followed  by  a  1-hour  reflux  period  and  then  alkylation 
at  0°as  usual  gave  a  product  containing  3-4%  indan  ,  62%  indene,  4%  of 
1 -methylindene  and  31%  of  3 -methylindene  .  The  source  of  the  indan  is 
clearly  from  the  reductive  action  of  the  unremoved  metal  affording  the 
metal  adduct  which  in  turn  produced  the  metalated  indene.  No  doubt 
part  of  the  metal  reacted  to  produce  1 -metal  indene  and  hydrogen.  (cf. 
equations^  and_f).  From  the  data  in  Table  II,  the  ratio  of  indan  to  the 
mono-  and  dimethylindenes  was  about  1  5/( 60  +-  1  5)  —  1  5/ 7 5 .  It  is  not 
unreasonable  to  assume  that  in  the  present  case  a  similar  ratio  might 
occur  due  to  the  reaction  of  the  metal  with  indene,  and  therefore  the  amount 
of  methylated  indene  accompanying  the  formation  of  3-4%  of  indan  should 
be  15-20%.  But  the  actual  amount  of  methylated  indene  found  was  35%  of 
the  product.  Hence  about  half  of  the  methylindene  arises  from  some 
other  source -the  basic  material  produced  by  decomposition  of  the  solvent 
with  the  metal. 

A  similar  reaction  using  lithium  metal  gave  no  evidence  of  methylated 
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indene  or  of  the  decomposition  product  of  the  solvent  in  a  reaction  with  the 
metal . 

It  is  clear  then  that  the  disappearance  of  sor  much  potassium  upon 
prolonged  heating  of  the  excess  metal  under  reflux  with  indene  in  DME  is 
very  likely  due  in  part  to  reaction  with  the  solvent,  to  produce  basic 
products.  In  an  attempt  to  obtain  information  as  to  how  DME  was  affected, 
the  precipitate  from  a  repeat  reaction  of  metal  with  DME  was  treated  with 
water  and  the  resulting  mixture  analyzed  by  GLC.  A  peak  appeared 
nearly  at  the  position  at  which  pure  CH^OH  registered,  suggesting  that 
this  alkoxide  was  present  in  the  decomposition  mixture.  However  , 
attempts  to  isolate  the  material  corresponding  to  this  peak  on  the  GLC 
were  unsuccessful. 

Scott  and  co-worker  s  ( 1  08)  also  noticed  the  decomposition  of  DME, 
with  possible  formation  of  the  methoxide  anion.  DME  was  slowly  attacked 
by  sodium  naphthalene  ,  even  at  room  temperature  ,  with  the  formation  of 
methyl  vinyl  ether  ,  presumably  in  accordance  with  the  following  equation, 
postulated  by  Scott' (108). 

C10H8Naz  -h  2CH3OCH2CH2OCH3 - C10H10-1-2CH3ONa  H  2CH3OCHnCH2 

Further  evidence  concerning  solvent  decomposition  was  obtained  at  a 
later  stage  of  the  work  reported  in  this  thesis  concerning  the  metalations 
of  acenaphthene .  When  gases  were  collected  for  determination  of  hydrogen 
gas  content  ,  mass  spectr ometric  analyses  also  indicated  the  presence  of 
peaks  at  m/e  =  15  and  27,  attributable  to  methane  and  ethylene.  (The 
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parent  peaks  at  m/e  =  l6  and  28  could  not  be  used  due  to  the  presence  of 
atmospheric  oxygen  and  nitrogen  in  the  gas  samples),.'  Production  of 
methane  and  ethylene  varying  from  a  few  per  cent  to  as  much  as  20  per 
cent  could  be  attributed  not  only  to  solvent  reaction  with  potassium  metal 
(lithium  metal  gave  no  decomposition  products)  ,  but  also  very  likely  to 
reaction  of  solvent  with  the  potassium  and  lithium  salts  of  acenaphthene  . 
Similar  views  have  been  expressed  by  Zweig  and  Hoffmann  (109)  when 
they  found  that  potassium  metal  adducts  of  1  , 1  ,4  ,4 -tetr aphenylbutatriene 
were  capable  of  cleaving  DME  to  a  considerable  extent  after  24  hours  at 
reflux  temperatures  ,  although  not  at  room  temperature. 

The  above  results  favor  the  view  that  the  chief  source  of  dialkylation 
is  via  the  metal  exchange  reaction  (h) .  However  ,  some  dispersed  metal, 
particularly  in  the  case  of  potassium,  might  be  present  during  the  alkylation 
stage  and  thus  would  react  with  liberated  indene  and  methylindene  according 
to  equations  ( e )  and/or  (f)  ,  and  thus  would  form  the  corresponding 
metalated  indene  or  methylindene  which  could  then  be  alkylated.  The 
smaller  amount  of  recoverable  indene  from  that  amount  expected  from 
equation  (h)  for  the  potassium  metal  reaction  than  for  the  lithium  metal 
reaction,  is  quite  likely  due  to  such  a  reaction  with  residual  metal  present 
during  methylation.  In  addition,  potassium's  reaction  with  the  solvent 
DME  would  supply  another  source  of  base  which  could  cause  alkylation  of 
both  indene  and  methylindene.  Thus  the  mono-  and  polymethylated  indenes 
would  form  at  the  expense  of  the  regenerated  indene  and  the  monomethylindene . 
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D  .  Alkylation  of  the  Product  Obtained  from  Metalation  of  Indene  with 

Two  Equivalents  of  Metal. 

When  metalation  was  accomplished  using  a  molar  ratio  of  metal 
to  indene  of  2:1  ,  alkylation  produced  the  results  shown  in  Table  VII,  page 
86.  Conclusions  drawn  from  this  information  can  be  summarized  briefly 
as  follows: 

1.  When  metalation  was  carried  out  for  short  periods  (3  hours  for 
potassium,  5-20  hours  for  lithium)  results  were  nearly  identical  to  those 
obtained  by  the  use  of  equivalent  amounts  of  metal  and  indene  (cf.  Table  II, 
page  56). 

2.  With  potassium,  as  the  time  of  metalation  was  increased,  the 
amount  of  recoverable  indene  ,  as  well  as  the  newly-formed  monomethyl- 
indene  decreased,  while  the  quantity  of  dialkylated  and  trialkylated  indene 
increased.  The  quantity  of  metal  consumed  was  larger  for  the  longer 
metalation  period. 

3.  With  lithium,  increase  in  metalating  time  gave  results  about  the 
same  as  those  obtained  for  shorter  metalating  periods  except  that  more 
of  the  1 -methylindene  was  isomerized  to  3 -methylindene  . 

E.  Metalation  and  Alkylation  of  Both  3 -Methylindene  and  1 -Methylindene 

Equivalent  amounts  (0.  1  mole)  of  3 -methylindene  and  metal  were 
heated  in  refluxing  DME  (100  ml)  for  specified  times  and  the  cooled 


solutions  freed  of  unreacted  metal  and  treated  with  methyl  iodide  according 
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Methylation  was  done  at  0°C. 

In  these  two  cases  a  material  balance  was  made  to  estimate  total  recovery  ,  using  tert-butylbenzene  as 
an  internal  standard.  The  upper  line  of  figures  represents  the  percentages  of  each  substance  based 
on  the  total  amount  of  isolated  product.  The  lower  line  is  the  percentage  of  each  product  based  upon 
the  indene  originally  used. 
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to  the  procedures  used  for  indene  itself.  The  results  are  compiled  in 
Table  VIII,  page  88.  Similar  reactions  were  done  using  1 -methylindene 
and  these  results  are  given  in  Table  IX,  page  89.  Comparison  of  the 
information  shown  in  these  Tables  with  those  for  the  analogous  reactions 
involving  indene  (Table  II,  page  56)  lead  to  the  following  conclusions. 

1.  As  for  the  reactions  of  metal  with  indene,  long  or  short  reflux 
time  during  metalation  produced  results  which  were  nearly  identical  with 
each  other  ,  except  that  for  potassium  metal,  somewhat  more  trialkylated 
indene  was  formed  when  the  longer  reflux  time  for  metalation  was  used. 

2.  Total  recovery  from  the  metalation  and  alkylations  of  the  1 -methyl¬ 
indene  was  95%  when  potassium  was  used,  and  98%  for  the  lithium  reactions. 
These  are  substantially  higher  than  those  obtained  for  the  analogous 
reactions  using  indene. 

3.  A  substantial  proportion  of  the  product  was  the  reduced  form,  1- 
methylindan.  This  was  greater  (total  of  22-27%)  than  the  proportion  of 
indan  found  from  reactions  involving  indene  (8-17%)  (Table  II). 

4.  For  lithium,  the  total  amount  of  monoalkylation  of  methylindene 
(^70%  of  product)  was  about  the  same  as  the  proportion  of  monoalkylation 
of  indene,  while  the  dialkylation  of  methylindene  to  produce  1  ,1  , 3 -tr  imethyl- 
indene  was  much  less  (about  2  to  4%  of  the  product)  than  that  found  for 
indene  (about  11-13%).  The  amount  of  1  , 1  ,  3 -tr imethylindene  from  the 
dialkylation  reaction  is  the  same  as  the  amount  of  recovered  monomethyl- 
indene  ,  suggesting  that  dialkylation  occurs  via  the  metal  exchange  route 
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Methylation  was  carried  out  by  adding  excess  methyl  iodide  to  the  above  solution, 
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shown  by  equation  (h) . 

5.  With  potassium,  the  amount  of  monoalkylation  (to  dimethylindene) 
is  about  30%  of  the  product  whereas  similar  monoalkylation  of  indene 
gave  about  60%  of  the  product  as  the  monomethylindene .  However,  the 

1  ,1  , 3 -tr imethylindene  (from  dialkylation)  occurred  to  the  extent  of  24-29% 
while  recovered  unalkylated  monomethylindene  was  found  to  the  extent  of 
16-18%  of  the  product,  indicating  that  other  routes  as  well  as  that  of 
metal  exchange  ,  brought  about  dialkylation. 

6.  ‘  Results  of  the  reactions  with  1 -methylindene  (Table  IX)cand  3- 
methylindene  (Table  VIII)  are  nearly  identical.  The  only  significant 
differences  are  the  slightly  higher  amounts  of  metal  consumed  by  the 
reaction  with  1 -methylindene  ,  and  the  recovery  of  only  3 -methylindene 
rather  than  the  original  1 -methylindene  as  "starting  material"  (Table  IX). 

Part  II  -  Acenaphthene 

Metalation  of  Acenaphthene  and  Alkylation  of  Metalated  Acenaphthene 

F .  The  Preparation  6f  Methylacenaphthenes 

•9 

For  reasons  similar  to  those  expressed  in  the  indene  case  ,  it  was 
felt  that  in  order  to  study  the  metalation  of  acenaphthene  and  the  methylation 

I 

of  metalated  acenaphthene,  it  would  be  necessary  to  have  authentic  samples 
of  the  expected  products  at  hand.  Analysis  by  GLC  of  the  products  arising 
from  a  preliminary  experiment  involving  a  reaction  between  potassium  metal 
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and  acenaphthene  followed  by  methylation  indicated  that  metalation  did 
occur  quite  readily,  and  that  at  least  eight  products  were  formed.  Con¬ 
sidering  the  results  obtained  from  the  analogous  methylation  of  metalated 
indene  and  3 -methylindene  ,  it  was  anticipated  that  the  reaction  mixture 
could  conceivably  contain  various  reduction  and  0^-02  alkylated  products. 
Therefore,  the  syntheses  of  2a  ,  3  ,4 , 5-tetrahydr  oacenaphthene  ,  the  three 
isomeric  dihydr oacenaphthene s  ,  as  well  as  Cj  and  .C^  monomethyl-  and 
dimethylacenaphthenes  were  undertaken.  Although  formation  of  the  tri- 

K  1 

and  tetr amethylacenaphthenes  was  expected  to  be  insignificant  ,  the  syntheses 
of  1  ,1  ,2-tri-  and  1  ,1  ,2  , 2-tetr amethylacenaphthene  were  also  included, 
in  order  to  complete  the  series.*  The  preparative  chemistry  of  these 
compounds  was  considered  to  be  of  interest  in  its  own  right,  particularly 

v 

in  the  case  of  the  sterically  crowded  tetramethyl  derivative  ,  where  the 
four  alkyl  substituents  are  virtually  eclipsed. 

As  mentioned  earlier  in  the  Introduction,  in  order  to  place  substituents 
at  the  C-^  and  C2  positions  ,  it  would  be  necessary  to  proceed  via  an 
acenaphthene  derivative  possessing  a  functional  group  at  either  of  these 
positions.  For  our  purposes  it  was  thought  that  the  preparation  of  all  of 
the  necessary  compounds  could  be  most  readily  achieved  by  using  either 

the  unsubstituted  or  substituted  carbonyl  derivative,  1 -acenaphthenone . 

{ 

Our  preparation  of  1 -acenaphthenone  itself  (XLXII)  utilized  either 
of  the  following  two  methods  ,  shown  in  the  accompanying  equations. 

*  Only  the  Cj  monomethylacenaphthene  is  reported  in  the  literature. 
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Route  2. 


XLIII 

Lead  tetraacetate  oxidation  of  acenaphthene  (63)  resulted  in  1  - acenaphthenyl 
acetate,  which  was  easily  saponified  to  1  - acenaphthenol  using  aqueous 
sodium  hydroxide.  The  'Fiteser  procedure  (63)  for  the  chromic  anhydride 
oxidation  of  the  alcohol  gave  crude  XLIII,  containing  considerable  quantities 
of  chromium  salts.  Steam  distillation  of  the  reaction  mixture  produced 
pure  ketone  ,  but,  via  a  conventional  distillation  apparatus  ,  was  far  too 
tedious  ,  requiring  large  volumes  of  distillate.  A  more  convenient  purifi¬ 
cation  involved  removal  of  the  chromium  ions  by  cold  aqueous  sodium 
hydroxide  wash  of  benzene  solutions  of  the  crude  acenaphthenone  .  This 
procedure,  after  final  work-up,  gave  a  46%  yield  of  good  quality  1 -ace¬ 


naphthenone  . 


-  93  - 


A  much  simpler  method  employed  commercially  available  1-naph- 
thaleneacetic  acid.  Conversion  to  the  acid  halide  followed  by  Friedel- 
Crafts  cyclization  gave  the  ketone  in  60-70%  yields.  Small-scale  cyclizations 
resulted  in  even'higher  yields  (84%). 

The  first  attempt  to  prepare  the  monomethyl  ketone  ,  2 -methyl- 1  - 
acenaphthenone  (LXXVIII)  is  outlined  in  the  accompanying  equation  and 
involved  the  formation  of  N - cy clohexylacenaphthenone  imine.  This  was 
expected  to  undergo  methylation,  after  proton  removal,  according  to 


LXXIX 


When  a  benzene  solution  of  1 -acenaphthenone  and  a  slight  excess  of  cyclo- 
hexylamine  with  or  without  p-toluenesulf onic  acid  as  catalyst  was  refluxed 
using  a  Dean-Stark  apparatus  (111)  ,  a  reaction  definitely  occurred  since 
both  water  and  a  yellow  precipitate  were  formed.  This  precipitate  con¬ 
tained  no  nitrogen,  and  hence  could  not  be  the  desired  imine.  Carbonyl 
absorption  in  the  infrared  at  1688  cm" ^  as  well  as  the  melting  point  suggested 
the  formation  of  biacenone  (LXXIX).  The  melting  point  (269-270°)  was 
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slightly  higher  than  that  reported  for  biacenone  (yellow  needles  ,  m.p. 

262°  corr  .)  (45b)  ,  but  our  elemental  analysis  agreed  with  the  formulation 
as  biacenone.  Since  biacenone  is  readily  prepared  from  XLIII  in  the 
presence  of  base  (45b)  even  at  room  temperature  via  an  aldol  condensation 
accompanied  by  water  elimination,  this  is  undoubtedly  what  has  occurred 
in  the  present  case.  Even  when  the  experimental  conditions  were  varied, 
the  reaction  could  not  be  made  to  proceed  in  the  desired  direction.  Only 
starting  material  and/or  biacenone  were  obtained  as  the  products. 
Accordingly,  this  route  was  abandoned. 

The  second  and  more  successful  route  to  2 -methyl- 1 -acenaphthen- 
one  (LXXVIII)  employed  a  procedure  similar  to  that  used  for  the  preparation 
of  1 -acenaphthenone .  This  is  shown  in  the  following  equation. 

ch2cooh 


LXXVIII 

1 -Naphthaleneacetic  acid  was  esterified  by  the  usual  procedure  (112)  and 
the  ester  methylated  as  described  irt,the  literature  (113).  In  our  hands 
however  ,  sodium  hydride  was  found  to  be  a  more  convenient  base  than  was 
the  reported  potassium  ter t-butoxide  (113).  An  excess  of  both  methyl 


-  95  - 


iodide  and  the  base  can  be  used  since  Julia  (113)  had  shown  that  only  mono¬ 
alkylation  took  place,  disubstitution  being  impossible  in  this  case.  The 
resulting  ethyl  -  o<-  ( 1  -naphthyl)pr  opionate  (93%  yield)  was  readily  changed 
into  the  acid  chloride  ,  which  could  be  cyclized  according  to  the  procedure 
mentioned  earlier  for  1  -naphthaleneacetyjl1  chloride.  The  resulting  dark, 
sticky  organic  material  obtained  from  the  reaction  mixture  was  found 
difficult  to  purify,  distillation  under  reduced  pressure  being  quite  unsatis¬ 
factory.  However, a  tedious  steam  distillation  gave  a  47%  yield  of  pure 
LXXVIII  as  a  yellow  oil  which  solidified  when  cooled.  From  this  ,  low 
melting  (33-34°)  colorless  crystals  were  obtained.  It  is  felt  however, 
that  tarring  during  the  cyclization  reaction,  thus  resulting  in  a  low  yield, 
was  due  mainly  to  the  use  of  impure,  granular  aluminum  chloride.  The 
use  of  sublimed  aluminum  chloride  should  give  much  better  results. 

2 -Methyl- 1 -acenaphthenone  was  characterized  by  its  elemental 
analysis  ,  by  the  NMR  and  IR  spectra,  as  well  as  by  its  oxime.  In  the 
infrared  spectrum  of  the  oxime  a  sharp  band  for  hydroxyl  appeared  at 
3600.:cm  ,  accompanied  by  a  broad  absorption  between  3500  and  3100  cm 

indicating  hydrogen  bonding.  The  NMR  spectrum  of  the  oxime  (Fig.  7) 
indicated  two  overlapping  sets  of  methyl-doublets  centered  at  T=8.32 
(J  =  7  cps)  ,  two  sets  of  methynyl- quartets  with  the  same  coupling  constant, 
and  two  different  hydroxyl  peaks  at  7=1 .42  and  1.52,  each  existing  as  a 
doublet  with  coupling  constant  of  1  cps.  This  clearly  indicated  the 
presence  of  syn  and  anti  isomers  ,  which  according  to  the  integrated  areas 
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were  present  in  nearly  equal  amounts  .  A  broad  melting  point  (126-140°) 
and  the  correct  elemental  analysis  added  additional  support  to  the  view 
that  we  were  dealing  with  a  mixture  of  isomers. 

Synthesis  of  2  , 2 -dimethyl- 1 -acenaphthenone  (LXXX)  in  82%  yield 
was  readily  accomplished  by  treatment  of  the  parent  ketone  (XLIII)  with 
excess  base  and  methyl  iodide  as  indicated  by  the  equation  below. 


XLIII  LXXX 


The  structure  of  the  pure  solid  ketone  (LXXX)  was  supported  by  elemental 
analysis  ,  NMR  and  IR  spectra.  The  NMR  spectrum  (Fig.  8)  of  the  oxime 
again  indicated  the  presence  of  two  isomers  by  the  appearance  of  two 
distinct  methyl-singlets  ,  whose  Integrated  areas  were  in  the  ratio  of 
16:84. 

From  these  three  ketones  (XLIII,  LXXVIII  and  LXXX)  a  number  of 
methylacenaphthenes  could  now  be  prepared.  By  using  the  procedure 
of  Brown  and  Hammick  (114)  1 -methylacenaphthene  (LXXXII)  could  be 
prepared.  This  Involved  the  addition  of  methylmagnesium  iodide  to  1- 

acenaphthenone  and  gave  the  expected  alcohol,  which,  without  isolation, 

1 

was  dehydrated  with  picric  acid  as  reported  (114).  Decomposition  of  the 
orange -red  picrate  with  dilute  sodium  hydroxide  solution  resulted  in  the 
known  1 -methylacenaphthylene  (LXXX1)  ,  isolated  as  an  orange  oil  (55%)  . 
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Reduction  of  the  olefinic  double  bond  in  LXXXI  in  ethyl  alcohol  over 
platinum  catalyst  gave  an  85%  yield  of  1 -methylacenaphthene  as  a  nearly 


colorless  oil 


,  which  yellowed  on  standing.  The  physical  constants 


agreed  with  those  reported,  but  a  GLC  analysis  indicated  a  4  to  5% 


impurity. 
Route  1  . 


XLIIJ. 
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Since  the  impurity  obtained  via  Route  1  could  not  be  removed, 
the  I -methylacenaphthene  was  prepared  by  a  Wolff -Kishner  reduction  of 
2 -methyl- 1 -acenaphthenone  as  indicated  in  the  above  equation.  By  this 
procedure  (55)  ,  using  diethylene  glycol  and  potassium  hydroxide  ,  pure 
material  was  obtained.  The  NMR  spectrdm  (Fig.  9  )  corroborated 
the  assigned  structure. 

In  a  similar  manner,  Grignard  addition  to  the  functional  group  of 
LXXVIII  resulted  in  a  93%  yield  of  1  , 2 -dimethyl- 1 -acenaphthenol ,  as  shown 
in  the  equation  below.  Although  several  recrystallizations  gave  fine  color¬ 
less  crystals  ,  the  melting  point  range  was  broad  (88-101°)  ,  indicative  of 


nr/xxj 
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cis  and  trans  addition  to  the  keto  function. 


LXXVIII  cis  trans 


The  NMR  spectrum  lent  further  support  to  the  above  view  (Fig.  10)  ,  al¬ 
though  the  A -60  spectrum  was  not  too  well  resolved.  Analysis  of  an 
HR-100  spectrum  showed  the  C^-proton  to  be  a  well  defined  quartet  (J— 

7.3  cps)  ,  with  the  C2-methyl  a  doublet  having  identical  splitting.  Two 
additional  methyl— singlets  appeared  at  slightly  lower  field,  which  is 
expected  due  to  the  deshielding  effect  of  the  neighboring  oxygen  atom. 

The  integrated  area  ratio  of  54:46  points  to  the  fact  that  the  -methyl 
group  exerts  little  influence  on  the  direction  of  methyl  Grignard  addition. 
From  the  available  data  however  ,  nev  definite  assignment  of  configuration 
can  be  made . 

Dehydration  of  the  mixture  of  cis  and  trans  alcohols  via  pier  ate 
formation  (92%)  ,  followed  by  base  decomposition,  produced  1  ,2 -dimethyl- 

acenaphthylene  (LXXXIII)  as  yellow  plates.  In  order  to  effect  cis  reduction 

\  ,  • 

of  the  double  bond  it  was  thoughts  make  usd  of  the  diimj.de  reduction 
method.  The  stereochemistry  of  this  reduction  has  been  well  established 
through  isotopic  labeling  experiments  ,  and  can  also  be  visualized  from 
the  proposed  mechanism  involving  a  cyclic  transition  state  (115,  116). 

This  method  of  hydrogenation  has  been  shown  to  be  more  selective  than 
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other  methods  of  reduction,  although  when  steric  factors  are  large  it  is 
highly  subject  to  steric  approach  control.  Generating  diimide  by  the 
catalyzed  oxidation  of  hydrazine  did  appear  to  reduce  the  disub stituted 
acenaphthylene  ,  but  at  a  very  jslow  rate.  Even  wlien  the  reaction  mixture 
was  kept  at  45-50°  for  one  week,  43%  of  the  olefin  was  still  present  as 
indicated  by  GLC  retention  time.  In  addition,  13%  of  an  unknown  higher - 
boiling  component  was  also  being  formed.  On  the  other  hand,  alternative 
reduction  using  hydrogen  and  platinum  occurred  very  readily  at  room 
temperature  and  1.5  atmospheres  pressure.  As  was  the  case  with  this 
as  well  as  all  the  other  low-pressure  hydrogenations  performed  in  this 
work,  a  small  amount  of  a  lower -boiling  impurity  (4-5%)  was  mixed  with 
the  required  product.  But  in  this  case  the  oily  impurity  could  be  remowed 

I 

from  the  solid  cis  - 1  , 2 -dimethylacenaphthene  (LXX'XIV,  m ..pi  "53  -  54°)  by 
recrystallization  of  the  latter  from  alcohol.  The  assumption  is  made 
here  that  the  catalytic  hydrogenation  occurred  in  a  cis  manner  ,  an 
assumption  which  appears  reasonable  considering  the  results  reported  by 
van  Tamelen  and  Timmons  (117). 

The  NMR  spectrum  (Fig.  11)  of  compound  LXXXIV  is  reasonable  for 
the  structure  of  cis  - 1  , 2 -dimethylacenaphthene  ,  but  shows  some  interesting 
aspects.  The  two  identical  methynyl  protons  appear  as  a  sextet  centered 
at  X  —  6. 26  ,  though  with  different  coupling  values  between  the  various  peaks 
(  T"  —  5. 2-7.0  cps).  The  two  equivalent  methyl  substituents  however,  do 
not  show  up  as  the  expected  doublet.  Rather  ,  here  also  six  peaks  are 
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visible  ,  all  of  which  are  real.  Obviously  ,  first-order  approximations 
are  not  applicable  in  this  case. 

Synthesis  of  the  corresponding  trans-1  ,  2 -dimethylacenaphthene  was 
unsuccessful.,  though  a  number  of  attempts  were  made.  Since  in  the 
acenaphthylenes  cis  and  tr ans  isomers  do  not  occur,  a  route  through 
this  olefin  was  excluded;  one  could  anticipate  considerable  difficulty 
therefore  in  finding  a  successful  synthetic  route  which  would  lead  to  the 
formation  of  the  pure  tr  ans  isomer.  Initial  attempts  therefore  were 
made  to  obtain  a  cis  and  tr  ans  mixture  of  some  acenaphthene  derivative 
such  as  an  aldehyde  or  carboxylic  acid  from  which,  if  separation  of 
isomers  were  possible,  the  required  methyl  groups  could  be  derived. 
Scheme  A  as  shown  in  the  following  reaction  was  therefore  proposed. 
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The  Reformatsky  reaction  occurred  readily,  as  did  the  dehydration  and 
saponification  steps.  However,  the  c<  ,  ^3  -unsaturated  acid  (LXXXV)  was 
not  obtained.  Instead  the  dehydration  reaction  followed  route  B  and 
produced  the  ,  2f  -unsaturated  acid  (LXXXVII)  as  indicated  by  NMR  „ 

In  order  to  prepare  LXXXVI  via  another  route  ,  a  Darzens1  glycidic 

/ 

ester  reaction  was  thought  to  be  suitable.  Avoiding  a  reaction  utilizing 
ethyl  chlor oacetate  and  ethoxide  base  because  of  the  labile  hydrogen 
remaining  on  C2  ,  the  dichloro-  or  dibr omoester s  were  used  instead,  in 
the  presence  of  magnesium  amalgam  or  zinc  (118).  However  the  glycidic 
ester  reactions  were  also  unsuccessful  since  very  little  reaction  occurred 
(cf.  the  similar  reactions  of  1 -indanone  and  related  ketones  (119)). 

Attempts  to  prepare  the  carboxylic  acid  via  the  route  indicated 
below  also  were  unsuccessful,  although  the  intermediates  LXXXVIII  and 
LXXXXX  were  readily  formed. 
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Hydride  reduction  of  ketone  LXXVIII  resulted  in  a  nearly  quantitative  yield 
of  a  mixture  of  cis  and  tr an s  carbinol  (LXXXVIXX).  The  NMR  spectrum 
(Fig.  12)  proved  this  beyond  doubt,  showing  two  signals  for  the  -hydrogen, 
one  centered  at^ir4.60  (doublet,  J  =  6 . 5  cps)  ,  the  other  at  4.98  (doublet, 

J  —  2  cps).  Dewar  and  Fahey  (120)  have  observed  similar  values  for  the 
cis-  and  tr  ans  -  1  -deuter  o  -2  -br  omoacenaphthene  (J— 7.4  or  6.8,  and  1.9  or 

2.7  cps  respectively),  which  they  applied  to  the  Karplus  curve  (121).  The 

♦ 

signal  having  the  larger  splitting  was  then  assigned  to  the  cis  - 1  -  deuter o -  2  - 

br  omoacenaphthene  ,  that  with  the  small  coupling  to  the  tr  ans  isomer. 

The  dihedral  angles  corresponding  to  these  coupling  values  have  been 

reported  by  Hayward  and  Csizmadia  (59)  to  be  <t>'cis=18  or  24°  and  (j^trans11 

119°  or  117°.  Distortion  from  the  assumed  /h  .  =0°  and  /h  =120° 

T  cis  ntrans 

values  expected  for  fully  eclipsed  bonds  by  the  bulky  bromine  atom  appears 
quite  reasonable.  Similar  assignment  of  configuration  on  the  basis  of 
the  observed  coupling  constants  in  our  work  indicated  an  approximate 
45:55  cis  to  trams  ratio  of  carbinol  LXXXVIIX. 

Replacement  of  the  hydroxyl  group  by  bromine  using  a  general 
procedure  (122)  also  gave  a  mixture  of  isomers  ( cis :tr ans  —40:60)  , 
deduced  from  the  doublets  at  '£'=4 . 1  8  ( J=7 .0  cps  )  and  4.78  ( J~3 . 0  cps  ) 
in  the  NMR  spectrum  (Fig.  13).  This  halide  (LXXXIX)  lost  a  molecule 
of  hydrogen  bromide  extremely  easily,  and  decomposed  with  concurrent 
polymerization  when  attempts  were  made  to  distil  it.  When  the  bromide 
LXXXIX  was  refluxed  with  potassium  cyanide  in  ethyl  alcohol  (123)  ,  and 
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the  mixture  then  subjected  to  potassium  hydroxide  hydrolysis  ,  it  did  not 
yield  the  desired  2 -methyl- 1 -acenaphthenecarboxylic  acid.  Warming  in 
methyl  alcohol  solution  similar  to  the  procedure  used  for  1-bromoace- 
naphthene  (124)  did  produce  a  15-20%  yield  of  cis  and  tr ans  methyl  ether 
(XC)  ,  but  gave  mainly  the  olefin  (80-85%)  ,  1 -methylacenaphthylene  (LXXXI). 

Two  further  reactions  from  which  dialdehydes  or  dicarboxylic 


acids  could  be  derived  were  attempted,  but  both  were  unsuccessful. 
These  are  shown  below. 


cis  and  trans 


Although  both  reactions  have  been  reported  in  the  literature  (124  ,  125) 
the  results  could  not  be  repeated,  probably  due  to  a  lack  of  experimental 
details  found  in  the  literature. 

Removal  of  a  proton  from  cis  - 1  , 2 -dimethylacenaphthene  should 
result  in  a  planar  carbanion  which,  upon  reprotonation  during  work-up, 
might  lead  to  a  mixture  of  cis  and  trans  isomers.  However  ,  attempts  to 
abstract  a  proton  using  n-butyllithium  in  hexane  solution  failed  ,  even 
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though  a  green-black  color,  usually  indicative  of  carbanion  formation, 
was  observed.  Addition  of  water  only  regenerated  the  starting  material. 

Similar  experiments  using  acenaphthene  and  n -butyllithium  in  hexane 
or  hexane -DME  solutions,  or  sodium  hydride  in  DMSO  ,  followed  by 
addition  of  methyl  iodide  ,  gave  very  little  or  no  alkylation.  Here  also 
an  instantaneous  black  coloration  was  produced  when  the  base  was  added 
to  the  hydrocarbon.  In  one  case  when  evolved  gases  were  collected, 
very  little  butane  was  detectable  by  mass  spectrometry.  These  reactions 
may  be  compared  with  those  reported  by  Gilman  (65)  and  Morton  (66)  ,  who 
used  n-butyllithium  and  n- amyls  odium  respectively  on  acenaphthene. 

Both  groups  reported  formation  of  a  dicarboxylic  acid  after  carbonating 
the  metalated  product.  Perhaps  in  our  case  better  results  could  be 
obtained  if  a  more  potent  base  such  as  potassium  hydride -n-butyllithium 
(126)  were  employed. 

Further  attempts  to  prepare  trans-1  , 2 -dimethylacenaphthene 
were  abandoned.  It  is  felt,  however  ,  that  both  cis  and  tr ans  isomers 
can  be  obtained  if  a  1  , 2 -dicarboxylic  acid  (XCI)  can  be  synthesized. 


A  mixture  of  such  a  1  , 2 -dicarboxylic  acid  should  be  separable  ,  since 
the  cis  configuration  should  lend  itself  to  anhydride  (XCII)  formation, 


. 


105  - 


while  the  tr ans  would  remain  as  the  free  acid.  A  method  of  this  nature 
should  enable  one  to  assign  both  the  cis  and  tr  ans  configurations  beyond 
any  doubt.  Having  both  derivatives  on  hand  may  also  be  of  interest  for 
theoretical  studies.  Comparison  of  the  experimental  NMR  spectra  with 
the  theoretical  spectra  may  reveal  some  effects  due  to  the  strained  nature 
of  the  molecule. 

The  third  dimethyl  derivative,  namely  1  , 1  -dimethylacenaphthene 
(XCIII)  was  readily  obtainable  from  its  precursor,  2 , 2 -dimethyl- 1 -ace  - 
naphthenone  (LXXX).  Wolff- Kishner  reduction  in  the  usual  manner  (55) 


W  olff- Kishner 

LXXX  XCIII 

furnished  the  hydrocarbon,  characterized  by  its  picrate  ,  in  50%  yield. 

The  ketone  LXXX  also  served  as  the  starting  material  for  the 
trimethylacenaphthene .  Grignard  addition  to  the  carbonyl  group  occurred 
in  nearly  quantitative  yield  with  formation  of  1  ,  2  ,2 -trimethyl- 1 -acenaph- 
thenol  (XCIV).  The  NMR  spectrum  (Fig.  14)  agreed  with  the  structure. 
Dehydration  of  XCIV  with  picric  acid  took  place  smoothly,  affording 
2  , 2 -dimethyl- 1 -methyleneacenaphthene  (XCV)  as  a  pale-yellow  oil,  which 
darkened  on  standing.  The  NMR  spectrum  (Fig.  15)  is  in  complete  agree¬ 
ment  with  the.  structure. 
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The  trimethyl  compound  (XCVI)  was  obtained  by  means  of  two 
reduction  methods.  In  the  first  method, hydrogenation  over  platinum 
catalyst  reduced  the  double  bond  rapidly  at  room  temperature,  but  gave 
the  final  product  in  only  95%  purity.  The  second  method  utilized  the 
ability  of  lithium  aluminum  hydride  to  reduce  the  exo  methylene  group. 

After  20  hours  reflux  in  THF  solution  containing  lithium  aluminum  hydride  , 
only  traces  of  starting  material  could  be  found,  and  XCVI  was  obtained 
in  good  yield  in  greater  than  98%  purity  as  determined  by  GLC.  In  both 
cases  ,  preparative  gas  chromatography  could  be  used  to  remove  the 
last  traces  of  impurity. 

Another  less  direct  synthesis  of  1  , 1  , 2 -tr imethylacenaphthene 
involved  hydr  obor  ation  of  the  olefin  XCV  with  sodium  borohydride  and  boron 
trifluoride  etherate  in  diglyme  with  subsequent  alkaline  oxidation  (127),  and 
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resulted  in  an  extremely  viscous  oil  of  98%  purity.  This  was  shown  to  be 
the  desired  primary  alcohol  (XCVII)  by  the  NMR  spectrum  (Fig.  16)  , 
elemental  analysis  ,  and  by  3  ,  5 -dinitr obenzoate  formation.  Tosylation  of 
the  carbinol  with  p-toluenesulfonyl  chloride  in  pyridine  yielded  a  solid 


B2H6 


> 


NaOH,  HzOz 


4- 


L1A1H 


p-toluene sulfonate  which  was  quantitatively  reduced  to  1,1,  2-trimethyl  - 
acenaphthene  by  lithium  aluminum  hydride  in  ether  solution.  .The  NMR 
spectrum  of  this  hydrocarbon  is  shown  in  Fig.  17. 

The  preparation  of  the  tetr amethylacenaphthene  was  considerably 
more  difficult  than  that  for  the  trimethyl  homologue  .  The  first  scheme 
proposed  was  that  of  Markovnikov  addition  of  hydrogen  bromide  to  the 
double  bond  of  compound  XCV  ,  then  displacement  of  the  halide  by  methyl 
Grignard,  or  conversion  of  the  halide  to  the  Grignard  derivative  followed 
by  reaction  with  methyl  iodide  according  to  the  equations  below. 


. 
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(1)  Mg 

(2)  CH3I 


However  ,  addition  of  hydrogen  bromide  to  the  exo  double  bond  was  not 
achieved.  Although  the  required  amount  of  the  halogen  acid  was  added 
to  XCV  and  appeared  to  have  reacted  as.  required,  work-up  and  attempts 
at  isolation  of  the  tertiary  bromide  resulted  in  complete  elimination  of 
the  halogen  acid  and  nearly  quantitative  recovery  of  the  starting  material. 

Attention  was  then  directed  towards  the  preparation  of  2  ,2-dimethyl- 
1 -acenaphthene carboxaldehyde  (XCIX)  which  in  principle  could  be  methylated 
via  a  base -catalyzed  reaction. 


XCIX  C 

The  first  attempt  to  prepare  the  carboxaldehyde  XCIX  was  by  the 
partial  oxidation  of  2  ,2-dimethyl-  1  -hydr oxymethylacenaphthene  (XCVII). 
Oxidations  of  primary  alcohols  to  the  corresponding  aldehydes  have  always 
been  of  limited  usecdue  to  the  facile  oxidation  of  the  aldehyde  to  the 
carboxylic  acid.  Recent  work  on  the  DMSO-sodium  carbonate  oxidations  of 
bromides  and  p-toluene sulfonate s  by  Kornblum  and  co-workers  (128)  has  extended 
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the  scope  of  these  reactions  somewhat.  A  similar  procedure,  also  carried 
out  in  a  neutral  medium,  has  recently  appeared  (129)  in  which  dimethyl  - 
sulfoxonium  salts  were  prepared  by  the  action  of  DMSO  on  alkyl  chloro- 
formates.  Vigorous  evolution  of  carbon  dioxide  occurred,  with  the 
formation  of  an  intermediate  which,  with  a  slight  excess  of  triethylamine  , 
rapidly  gave  an  aldehyde  or  ketone  and  dimethyl  sulfide. 

Following  Barton's  procedure  (129)  ,  the  carbinol  XCVII  was  smoothly 

converted  into  the  chlor ofor mate  by  an  ethereal  solution  of  phosgene. 

Although  it  could  be  isolated  and  distilled  under  reduced  pressure  ,  the 

viscous,  pale-yellow  chlor  of  or  mate  darkened  and  decomposed  on  standing 

at  room  temperature  for  prolonged  periods  of  time.  Addition  of  DMSO 

and  triethylamine  ,  followed  by  the  prescribed  work-up  resulted  in  a 

viscous  oil  which  was  shown  to  contain  7  5-80%  of  the  aldehyde  (XCIX)  by 

O 


GLC  and  N MR  spectroscopy.  I| 


XCVII 
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XC.IX 

Purification  of  the  reaction  mixture  proved  to  be  difficult  and 
tedious  ,  chromatography  or  sodium  bisulfite  addition  being  unsuccessful  . 
However  ,  purification  of  small  quantities  by  Girard's  T  reagent  could  be 
used,  although  a  large-scale  reaction  resulted  only  in  tarry  decomposition 
products.  It  was  discovered  later  however,  that  decomposition  of  the 
reaction  mixture  was  due  to  the  Girard's  reagent  used  (BDH).  Fisher’s 
reagent  grade  was  far  superior,  and  gave  adequate  results.  Although 
treatment  with  Girard's  T  reagent  resulted  in  recovery  of  fairly  pure 
aldehyde  (  ^95%  purity)  ,  yields  were  quite  low,  being  at  the  maximum 
50%. 

An  alternative,  more  productive  route  to  2  , 2 -dimethyl - 1 -ace  - 
naphthene c.arboxaldehyde  was  therefore  sought.  Corey  and  Chaykovsky 
(130)  have  recently  reported  the  chemistry  of  the  nucleophylic  ylid  , 
dimethyloxosulfonium  methylide  ((CH^)2SOCH2)  ,  particularly  its  reaction 
with  certain  electrophilic  unsaturated  linkages  such  as  C—O,  CrN  ,  C=S  , 
as  well  as  C=C.  The  reactions  apparently  involve  transfer  of  a  methylene 
group  to  the  unsaturated  linkage  ,  with  formation  of  an  oxirane  in  the  case 
of  ketones  and  aldehydes.  The  epoxide  rings  can  subsequently  be  opened 


using  a  Lewis  acid,  as  indicated. 
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In  the  application  of  this  scheme  to  2 , 2 -dimethyl- 1  -acenaphthenone  ,  one 


could  expect  formation  of  the  oxirane  (Cl). 


LXXX  Cl  XCIX 


Spectroscopic  evidence  (NMR)  was  indeed  obtained  for  the  formation  of 
Cl  but  isolation  was  not  achieved,  since  the  reaction  could  not  be  made 
to  go  to  completion.  By  changing  the'  experimental  conditions  ,  the  amount 
of  oxirane  in  the  reaction  mixture  was  found  to  vary  between  a  minimum 
of  60%  and  a  maximum  of  80%,  the  remainder  being  starting  ketone.  A 
characteristic  property  of  the  NMR  spectrum  (Fig.  18)  of  the  oxirane  Cl 
was  the  signal  for  the  methylene  protons.  Centered  at  2^—  6.78,  a  quartet 
appeared,  with  the  two  small  outer  peaks  being  separated  by  12  cps  , 
the  larger  inner  set  being  split  by  1.5  cps.  This  seems  to  be  in  agreement 
with  the  general  rule  that  protons  of  a  methylene  group  next  to  an  asym¬ 
metric  centre  are  non-equivalent  (131).  Different  signals  for  the  two 
methyl  groups  also  appeared,  being  4  to  5  cycles  apart  at  8.64  and  8.72. 

The  starting  material  in  the  oxirane  reaction  mixture  could  be 
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removed  by  chromatography  on  neutral  alumina,  but  no  oxirane  could  be 
isolated  at  all.  It  was  noted  that  the  addition  of  the  reaction  mixture  to 
the  column  of  alumina  evolved  heat,  indicating  the  occurrence  of  some 
reaction  with  the  alumina.  Indeed,  benzene  and  ether  elutions  removed 
all  the  starting  ketone  ,  while  final  methyl  alcohol  elution  yielded  an  impure 
oil,  which  was  shown  to  be  mainly  the  desired  aldehyde  (XCIX).  Ring 
opening  and  rearrangement  had  thus  occurred,  although  this  in  itself  is 
not  surprising,  in  view  of  the  fact  that  alumina  can  act  as  a  Lewis  acid. 

The  BF3 -catalyzed  rearrangements  were  not  carried  out  on  the  reaction 
mixture  of  oxirane  and  starting  ketone  ,  since  a  mixture  of  initial  ketone 
and  the  aldehyde  would  result,  and  such  a  mixture  could  not  be  separated 
by  column  chromatography.  Repeated  chromatography  with  benzene  as 
eluant  finally  yielded  quite  pure  aldehyde  ,  but  yields  had  been  curtailed 
drastically  (^-'30%,  taking  into  consideration  the  amount  of  recovered 
ketone) . 

In  all  of  the  reaction  steps  undertaken  to  this  point  starting  from 
1 -naphthaleneacetic  acid,  the  yields  had  varied  from  80-100%,  formation 
of  the  aldehyde  being  the  only  poorly  productive  step  in  the  overall  synthetic 
scheme.  Additional  work  could  perhaps  remedy  this  situation. 

The  infrared  spectrum  (Fig.  25)  of  the  aldehyde  showed  the  char¬ 
acteristic  aldehyde  absorption  at  2725  cm  ^  (132),  as  well  as  the  carbonyl 

_  1 

band  at  1718  cm  .  The  NMR  (Fig.  19)  showed  the  aldehyde  proton  at 
T-0 . 45  (doublet  ,  J  =  4 . 0  cps  )  ,  and  the  remaining  Cj  -hydrogen  at  lf=  6.13 
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(doublet,  J  — 4.0  cps). 

Attempts  to  prepare  the  oxirane  Cl  from  the  reaction  between  2  ,2- 
dimethyl- 1 -methyleneacenaphthene  (XCV)  and  perbenzoic  acid  or  m-chloro- 
perbenzoic  acid  in  chloroform  solution  were  unsuccessful.  The  NMR 
spectra  of  the  reaction  mixtures  indicated  the  presence  of  mainly  starting 
material,  and  possessed  none  of  the  characteristic  oxirane  signals  noted 
earlier . 

The  strongly  activating  aldehyde  group  present  in  the  molecule 
made  further  alkylation  at  the  -position  of  XCIX  a  relatively  easy  matter. 

As  in  the  previous  alkylations  described  in  this  work,  sodium  hydride- 
methyl  iodide  treatment  in  benzene  furnished  the  fully  substituted  aldehyde  , 

1  ,2  ,2 -trimethyl- 1  -acenaphthene carboxaldehyde  (C)  ,  isolated  as  a  crystalline 
solid.  The  infrared  spectrum  (Fig.  26)  indicated  the  expected  bands  at 
2725  and  1720  cm'^  for  the  aldehyde  group,  while  the  NMR  spectrum  (Fig. 

20)  revealed  a  singlet  at  TzzO  .  84  ,  in  addition  to  signals  for  the  aromatic 
protons  and  those  for  three  different  methyl  groups. 

Now  that  the  tr imethylaldehyde  (C)  was  available  for  the  preparation 
of  tetr amethylacenaphthene  ,  a  number  of  possibilities  were  envisioned, 
three  of  which  were  attempted:  1)  Wolff -Kishner  reduction  of  the  aldehyde, 

2)  lithium  aluminum  hydride  reduction  of  the  corresponding  p-toluene- 
sulfonylhydr  azone  ,  and  3)  hydride  reduction  of  the  p-toluenesulfonate . 

Wolff -Kishner  reduction  by  means  of  the  hydr azone  and  potassium 
hydroxide  in  diethylene  glycol  yielded  an  oil  which  consisted  of  two  components  , 
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shown  by  GLC  to  be  in  a  15:85  ratio.  Solidification  and  recrystallization 
from  alcohol  gave  a  43%  yield  of  a  solid  material,  melting  at  43.5-44.5  °, 
and  considered  to  be  of  98%  purity  by  GLC.  Sublimation  produced  small 
white  crystals  ,  melting  at  57-58°.  These  were  shown  to  be  1,1,2  ,2-tetra- 
methylacenaphthene  (XCVIII)  by  elemental  analysis  and  NMR  spectroscopy. 


XCVIII 


The  identity  of  the  15%  impurity  was  not  determined. 

Caglioti  and  Grasselli  (133)  have  observed  that  the  treatment  of 
p-toluenesulfonylhydr azone  derivatives  of  aldehydes  and  ketones  with 
lithium  aluminum  hydride  or  sodium  borohydride  in  methyl  alcohol,  THF  , 
or  dioxan  ,  re sultedin  the  reduction  of  a  carbonyl  group  to  CH^  .  Traces 
of  unsaturated  compounds  were  also  formed,  but  yields  of  the  reduced  pro- 
ductwere  in  general  quite  good,  reaching  as  high  as  80%.  In  the  application 
of  this  reaction  scheme  to  our  work  ,  1  ,  2 , 2 -trimethyl- 1 -acenaphthenecarbox- 
aldehyde  p-toluenesulfonylhydr  azone  (CXI,  NMR  spectrum  in  Fig.  21) 
was  prepared  in  the  usual  manner.  Reduction  by  excess  lithium  aluminum 
hydride  in  anhydrous  THF  resulted  in  the  formation  of  three  products  as 
indicated  by  GLC  ,  one  being  rather  small  (5%)  ,  the  remaining  two  being 
present  in  approximately  equal  quantities.  By  comparison  with  retention 
times  of  authentic  samples  ,  these  two  products  were  identified  as  1,1,2  ,2- 
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tetramethylacenaphthene  (XCVIII)  and  1  ,1  ,  2 -tr  imethylacenaphthene  (XCVI)  . 
The  formation  of  the  latter  compound,  whose  presence  was  also  indicated 


by  a  quartet  and  non-identical  methyl  groups  in  the  NMR  spectrum  ,  must 
have  involved  a  reductive  cleavage  of  a  carbon-carbon  bond,  and  is  postu¬ 


lated  in  the  following  scheme. 


CII  CIII  CIV 

v 


XCVIII  cv 


XCVI 


The  reduction  sequence  undoubtedly  involves  a  tautomer ization  of  CII  to 
CIII,  which  by  loss  of  the  p -toluene sulfonyl  group  can  yield  the  intermediate 
CIV  and  hence  the  resonance  form  CV.  Hydride  attack  on  intermediate 
CV  can  now  be  visualized  at  two  distinct  locations;  one  involving  attack  at 
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the  methylene  group  resulting  in  formation  of  the  tetramethyl  derivative 
with  the  displacement  of  nitrogen,  while  the  alternate  possibility  involves 
attack  at  Cp  eliminating  a  diazomethane  moiety,  thus  yielding  1  ,1  ,2- 
tr  ime  thylacenaphthene  by  carbon  -  carbon  bond  fission.  The  eliminated 
diazomethane  molecule,  as  well  as  the  p-toluenesulf onyl  group,  would 
undergo  further  reduction  under  the  conditions  used. 

The  third  method  proposed  for  the  preparation  of  the  tetramethyl 
compound  involved  reduction  of  the  aldehyde  C  to  the  corresponding 
primary  alcohol  (NMR  spectrum  in  Fig., 22)  ,  which  in  turn  was  converted  to 
the  p-toluenesulf onate  giving  CVI  (NMR  spectrum  in  Fig.  23).  Even  though 
quantitative  reduction  of  the  p -toluenesulf onate  of  2  , 2 -dimethyl- 1 -hydr oxy- 
methylacenaphthene  to  1  , 1  , 2 -trimethylacenaphthene  by  lithium  aluminum 
hydride  in  ether  had  been  observed  earlier  ,  similar  reduction  of  CVI  gave 
completely  different  results.  In  fact  not  one  ,  but  five  different  products 
were  noted  by  GLC  ,  the  main  fraction  being  approximately  75%  of  the  total 
mixture.  Furthermore  ,  only  a  maximum  of  2  to  4%  of  the  expected  tetra¬ 
methyl  derivative  was  detectable  by  GLC.  Isolation  and  analysis  of  the 

main  reaction  product  suggested  that  either  of  the  following  reactions  had 
occurred.  ^ 
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Evidence  for  the  formation  of  1  ,1  , 3 -tr imethylphenalene  (CVIX)  or  1  ,1  ,  2 -tr  imethyl- 
phenalene  (CVII^)  is  b  ased  on  spectral  data  as  well  as  elemental  analysis.  In  the 
infrared  spectrum  (Fig.  27)  ,  absorption  in  the  double  bond  region  was  present  at 
1657  cm “  1  ,  while  the  NMR  spectrum  (Fig.  24)  indicated  six  aromatic  protons,  one 
vinyl  hydrogen  {'X- 3.68 ,,  J  s' 1  cps)  ,  a  fine  doublet  (Jc^l  cps)  at  7^=8 . 0  integrating 
for  three  protons,  and  a  sharp  singlet  at  V=8.55  integrating  for  six  protons. 

These  data  are  further  supported  by  a  parent  peak  at  m/e  =208  in  the  mass 
spectrum,  the  exact  value  expected  for  a  compound  C^H^.  By  comparison  of 
the  NMR  spectrum  with  that  of  2a ,  3 -dihydr  oacenaphthene  (CX  ,  Fig.  28)  ,  structure 
CVII^  may  be  favored.  In  compound  CX  ,  the  vinyl-proton  signal  to  the  aromatic 
ring  occurs  at  V=3.60,  while  that  of  the  (5 -proton  occurs  at  '£'-4.22.  This 
suggests  that  the  olefinic  proton  in  the  phenalene  product  is  situated  X  to  an 
aromatic  ring  as  in  CVII"^  .  In  the  light  of  the  hydride  ions  present  in  the  medium, 
it  seems  indeed  surprising  that  a  Wagner -Meerwein  shift  as  indicated  did  occur. 
Generally,  it  would  be  expected  that  intermediate  carbonium  ions  are  trapped  by 
hydride  species,  as  has  been  shown  by  a  number  of  research  groups  (134,  135). 

On  the  other  hand,  "free"  carbonium  ions  may  not  be  present  if  a  concerted 
mechanism  is  operative.  Perhaps  such  a  rearrangement  can  occur  by  simply 
heating  the  p-toluenesulfonate  ,  or  under  the  influence  of  an  acid  catalyst.  Add¬ 
itional  work  concerning  the  mechanism  of  rearrangement  as  well  as  final  and 
conclusive  proof  of  the  structure  CVirA^y  independent  synthesis  would  be  required. 
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Both  reduction  of  the  p -toluene sulfonylhydr azone  and,  in  particular  , 
the  p-toluenesulfonate  have  shown  that  introduction  of  the  final  methyl 
substituent  into  the  C1-C2  bridge  of  acenaphthene  cannot  always  be  completed 
successfully.  Steric  inhibition,  eclipsing  of  the  substituents,  internal 
molecular  strain,  or  a  combination  of  these  factors,  may  perhaps  be 
responsible  for  the  anomalous  results  obtained  in  this  portion  of  the  work. 

Recent  work  on  the  base  -  catalyzed  decomposition  of  p-toluenesulfonyl- 


hydrazones  at  elevated  temperatures  (136-138)  has  indicated  that  a  carbenic 
process  is  involved,  which  may  undergo  further  ring  expansion,  insertion, 
or  a  neophyl-type  rearrangement.  If  such  a  carbene  mechanism  is  possible 


However  ,  failure  to  isolate  or  detect  any  of  these  products  by  NMR  seems 
to  exclude  a  carbenic  intermediate  in  the  p-toluene  sulfonylhydr  azone  (CII) 
reduction.  Such  a  process  may  have  occurred  during  the  p-toluenesulfonate 
(CVI)  reduction  with  subsequent  ring  expansion  to  give  1  ,1  , 3 -trimethyl - 
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phenalene  ,  although  analogous  cases  have  not  been  encountered  elsewhere. 
Judging  from  the  different  products  obtained  from  the  p-toluenesulfonyl  - 
hydrazone  (CII)  and  p -toluenesulfonate  (CVI)  reductions  ,  it  is  clear  that 
different  reaction  mechanisms  are  operative.  The  slight  difference  in 
experimental  conditions  lies  only  in  the  reflux  temperatures  of  the  solvent 
media  used  (THF  versus  ether). 

G.  The  Preparation  of  Hydrogenated  Acenaphthene  Derivatives 

In  addition  to  the  and  C£  methylated  species  ,  authentic  reduced 
acenaphthenes  were  required  because  of  the  possibility  of  Birch  reduction 
of  the  aromatic  ring  system  during  the  metalation  of  acenaphthene.  For 
the  purpose  of  obtaining  their  chemical  and  physical  properties,  2a,  3,4,5- 
tetr ahydr oacenaphthene  ,  and  two  isomeric  dihydr oacenaphthenes  were 
prepared.  The  latter  two  compounds  were  2a  ,  5-dihydro-  and  2a  , 3 -dihydr  o- 
acenaphthene .  An  attempt  was  made  also  to  synthesize  the  third  isomer, 

4 , 5 -dihydr oacenaphthene  according  to  literature  directions  (139),  but  in 
our  hands  repetition  of  the  experiments  were  unsuccessful. 

For  the  syntheses  of  two  of  the  above-named  compounds,  2a,  3, 4, 5- 
tetr ahydr o- 5 -acenaphthenone  (LII)  was  required.  This  was  prepared  as 
described  in  the  literature  by  a  sodium  methoxide  -  catalyzed  Michael 
addition  of  methyl  acrylate  to  indene  ,  to  produce  methyl  ft -( 3 -indenyl)- 
propionate  (L)  in  61%  yield  (140).  Following  the  method  of  Rapoport  and 
Pasky  (141)  this  indene  derivative  (L)  was  reduced  to  the  indanyl  ester  and 
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saponified  to  the  corresponding  acid  (LI).  The  acid  was  changed  to  the 
acid  chloride  which  in  turn  was  cyclized  in  benzene  ,  in  the  presence  of 
anhydrous  stannic  chloride  ,  by  the  procedure  of  Anderson  and  Wade  (55) 
to  LII  in  96%  yield. 


N  aOCH'. 


+  CH2=CHCOOCH3 


H3COOC^  X1 


<■ 


(1)  SOC1. 


(2)  SnCl4 


Hooey/ 


<- 


(1)  H2/Fd 

(2)  aq.NaOH 


LI 

From  ketone  LII,  2a  ,  3  ,4 , 5-tetr  ahydr  oacenaphthene  (CVIII)  was 
obtained  by  the  familiar  Wolff -Kishner  reaction.  Compound  CVIII  could 
also  be  prepared  by  following  the  reduction  procedure  of  Johnson  and  Glenn 
(142).  These  workers  hydrogenated  acenaphthene  in  a  bomb  with  the 
calculated  amount  of  hydrogen  at  110°  and  approximately  1000  p.s.i  (95% 
yield).  The  ultraviolet  spectrum  (Fig.  30)  of  this  compound  showed 


strong  aromatic  absorption  at  \ 


max 


208m u,  (  6  — 1 4800) ,  with  weak  absorp- 


riju 


tions  at  —268  and  276  mu.  (6  =600) . 

m  aX  J 

Reduction  of  the  ketone  (LII)  with  lithium  aluminum  hydride  in  ether 
was  easily  accomplished,  resulting  in  a  solid  product,  (CIX)  ,  which,  after 
two  re  crystallizations  from  aqueous  methyl  alcohol  melted  at  95-96°. 
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Although  a  hydride  reduction  of  the  ketone  had  not  been  reported  before  in 
the  literature,  reduction  using  sodium  and  alcohol  was  known  (141),  but 
was  reported  to  have  given  the  alcohol  as  an  oil,  boiling  at  158-160°  at 
18  mm.  Our  infrared  spectrum  of  the  product  CIX  indicated  that  it  was 
an  alcohol.  The  NMR  spectrum  was  consistent  with  the  formulation  CIX 
and  showed  signals  at  2=5.  1  5  (broad  triplet  ,  J  =  7 .  5  cps)  and  7 . 53  (sharp 
OH-singlet).  The  existence  of  two  distinct  isomers  as  shown  in  the  reaction 


scheme  is  quite  possible  ,  and  this  may  account  for  the  difference  in  chemical 
and  physical  properties  observed  by  us  compared  to  those  reported  (141). 

Heating  the  alcohol  (CIX)  with  solid  oxalic  acid  yielded  the  olefin, 

2a  , 3 -dihydr oacenaphthene  (CX)  ,  whose  NMR  spectrum  (Fig.  28)  showed 
two  vinylic  protons  at  3.60  and  4.22*7tC  The  lower -field  signal  gave  the 
expected  quartet  (J=9.78  and  2.93  cps)  for  the  hydrogen  ©c  to  the  benzene 
ring,  which  also  indicated  additional  coupling  (J— 0.60  cps  )  with  the 
second  allylic  proton.  The  signal  at  2=14.22  was  an  overlapping  seven- 
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peak  multiplet.  Double  bond  absorption  in  the  infrared  at  1623  cm 
dame  in 'the  expected  region.  In  the  ultraviolet  spectrum  (Fig.  31),  a 
maximum  at  ^max  —  266  (€—9250)  indicated  that  a  conjugated  olefinic 

double  bond  was  present  (see  Table  X,  p.126) 

One  possible  route  to  the  non -conjugated  isomer  2a  ,  5 -dihydro - 
acenaphthdne  (QXII)  involved  bromination  of  the  ketone  LII. 

Dehydrobr  omination  of  the  resulting  product  (CXI)  should  lead  to  an  ex',  (3- 
unsaturated  ketone  ,  from  which  the  desired  acenaphthene  could  be  obtained 
by  reduction  of  the  carbonyl  function. 


CXII 


This  proposal  was  discouraged,  however  ,  by  the  report  of  Dauben  and 
co-workers  (143),  who  found  that  2 -morpholino -  1  -tetr alone  (CXIII)  under 
Willgerodt  reaction  conditions  yielded  1 -naphthol  (CXIV)  as  the  major 
product.  This  compound  presumably  arose  by  elimination  of  the  amine 
to  form  the  o<  ,  -un saturated  ketone,  which  then  was  stabilized  by 


ar omatization  to  CXIV. 
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A  similar  enolization  reaction  in  our  case  to  yield  5 - acenaphthenol  would 
seem  very  likely,  particularly  under  the  either  alkaline  or  acidic  conditions 
required  for  carbonyl  reduction. 

Consequently  the  carbonyl  group  of  compound  CXI*  required  protection 
prior  to  dehydr obr omination.  To  achieve  this,  acid-catalyzed  ketalization 
was  attempted  using  1  ,2 -ethanedithiol  in  toluene.  However  ,  not  only 
was  water  eliminated  into  a  Dean-Stark  apparatus  (111)  ,  but  a  copious 
amount  of  hydrogen  bromide  was  evolved  as  well.  The  pale -yellow  solid 
obtained  as  the  final  product  contained  no  halogen  and  analyzed  correctly  for 
^14^14^2*  ^  Possessed  a  parent  peak  in  the  mass  spectrum  at  m/e  n  246. 

Although  spectral  evidence  was  not  conclusive  ,  a  structure  such  as  CXV 
seems  quite  reasonable  since  in  addition,  desulfurization  with  W-2  Raney 


CHtSH 

I 

CH2SH 

Br 


CXV 


CVIII 


-bH  ,0  +-  HBr 


* 


4-Bromo-2a  ,3  ,4 , 5-tetrahydro-5-acenaphthenone  (CXI)  is  a  lachrymator 
and  possesses  skin-irritating  properties. 
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nickel  (144)  resulted  in  the  formation  of  2a  ,3  ,4 , 5-tetrahydr  oacenaphthene 
(CVIII). 

The  failure  of  the  above  route  to  the  2a  ,  5 -dihydr oacenaphthene 
required  another  path  to  this  compound.  The  Birch  reduction  of  naphthal¬ 
ene  in  liquid  ammonia  is  known  to  proceed  in  a  stepwise  fashion  (145)  , 

1  ,4 -dihydr onaphthalene  being  the  first  product  formed  when  two  equivalents 
of  sodium  are  used.  Further  reduction  to  1  ,4 , 5 , 8 -tetrahydr  onaphthalene 
occurs  however  ,  when  excess  sodium  metal  is  employed.  By  applying 
similar  conditions  to  acenaphthene,  the  2a,  5 -dihydro  derivative  (CX1I) 
should  be  obtainable.  Lebeau  and  Picon  (146)  have  reported  the  isolation 
of  2a  ,  3  ,4 , 5 -tetrahydr  oacenaphthene  from  the  sodium-ammonia  reduction; 
however,  experimental  details  were  not  available. 

In  our  work,  addition  of  two  gr am -equivalents  of  sodium  metal  to 
acenapthene  in  liquid  ammonia,  in  the  presence  of  ethyl  alcohol  (145)  , 
yielded  a  mixture  of  three  products  as  shown  by  GLC,  By  retention  times  , 
the  presence  of  9%  of  2a  , 3  , 4 , 5 -tetrahydr oacenaphthene  and  18%  of  starting 
material  was  indicated.  The  remaining  73%  was  believed  to  be  due  to  a 
dihydr  oacenaphthene .  When  half  the  calculated  amount  of  sodium  was 

used,  the  ratio  of  tetrahydro:  dihydro:  acenaphthene  became  6:68:26,  while 
a  20%  excess  of  metal  changed  this  to  12:84:4.  The  last  traces  of  starting 
hydrocarbon  are  difficult  to  remove.  The  reaction  conditions  finally  used 
involved  33%  excess  metal,  although  even  then  a  few  per  cent  of  acenaphthene 
remained.  However  ,  this  could  nearly  all  be  removed  by  fractional 
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Ill  CXII  CVIII 


Bromination  of  the  reaction  mixture  to  facilitate  separation  of  the  olefin 
from  CVIII  and  III  afforded  a  dibromide  ,  which  could  be  debrominated 
successfully  with  magnesium  to  a  colorless  oil  which  turned  yellow  on 
standing  at  room  temperature.  The  infrared  spectrum  of  CXII  indicated 
unsaturation  (1635  cm  "*■),  while  in  the  NMR  spectrum  (Fig.  29)  a  vinyl 
proton  signal  at  4.16T  integrated  for  two  protons.  The  vinyl  protons 
showed  surprisingly  little  coupling  which  could  only  be  resolved  by  a  high- 
resolution  spectrometer.  Analysis  on  an  HR-100  instrument  showed, 
in  addition  to  two  small  peaks  23.48  cps  .  apart  ,  six  other  signals  with 
coupling  values  varying  between  1.20  and  1.72  cps.  Elemental  analysis 
agreed  with  the  proposed  structure,  as  did  the  mass  spectrum,  which 
exhibited  k  parent  peak  at  m/e  ~156.  As  would  be  expected,  the  ultra¬ 
violet  spectrum  (Fig.  32)  was  nearly  identical  to  that  of  2a, 3  ,4 ,5-tetra- 
hydroacenap hther e  ,  with  absorptions  at  ^max— 266  and  273  rry^  (  £~500). 

Comparison  of  the  ultraviolet  spectra  of  all  three  reduced  acenaph- 
thenes  with  those  in  the  naphthalene  series  (147)  indicates  a  nearly  identical 
relationship,  with  all  values  being  virtually  the  same  (see  Table  X).  Birch 
reduction  of  the  two  molecules  also  follows  a  close  parallel,  with  the 
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exception  that  in  the  acenaphthene  case  one  ring  is  completely  reduced  to 
give  a  tetrahydro  compound,  while  in  naphthalene  both  rings  undergo  partial 
reduction . 


TABLE  X 

Comparison  of  UY  absorptions  of  reduced  acenaphthene s  with  reduced 
naphthalenes  and  styrene  derivatives  (in  ethyl  alcohol) 


Compound 


bax  ^ 


£  Reference 


1,2,3  ,4-tetr ahydr onaphthalene 


1  , 2 -dihydronaphthalene 


1  ,4 -dihydronaphthalene 


2a  , 3  ,4 , 5-tetrahydroacenaphthene 


2a  ,  3  -dihydr  oacenaphthene 


2a  ,  5  -  dihydr  oacenaphthene 


styrene 


-methylstyrene 


260 

380 

266.  5 

5  59 

273.  5 

605 

259 

9449 

296 

180 

262 

332.5 

267 

439 

274 

449 

268 

600 

276 

600 

266 

9250 

302 

540 

2  66 

500 

273 

500 

244 

12000 

282 

450 

245 

12600 

280 

660 

289 

400 
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148 


149 


Although  both  2a, 3-  and  2a  ,  5 -dihydr  oacenaphthene  were  shown  to 
be  stable  under  the  thermal  GLC  conditions  (200°  )  ,  the  2a,  5-  compound 
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was  rearranged  under  alkaline  conditions  to  the  more  stable  2a  , 3 -derivative  , 
where  the  double  bond  is  conjugated  with  the  aromatic  ring  system.  Reflux  with 
potassium  ter  t-but  oxide  in  tert-butyl  alcohol  accomplished  this  transformation, 
but  acidic  conditions  did  not  bring  about  any  rearrangement  whatsoever. 

An  attempt  to  synthesize  the  third  isomer,  4 , 5 -dihydr  oacenaphthene 
(CXVII)  by  a  route  reported  in  the  literature  was  unsuccessful  in  our 
hands.  Although  Treibs  and  Thdrmer  (139)  have  reported  its  preparation 
in  low  yield  according  to  the  indicated  scheme  below,  we  were  unable  to 


CVII1 


CXVII 


reproduce  their  results  ,  failing  to  obtain  any  of  the  intermediate  peroxide 


(CXVI). 

H .  The  Metalation  of  Acenaphthene 


Before  embarking  upon  a  study  of  the  methylation  of  metalated 
acenaphthene  ,  wherein  a  preliminary  experiment  had  shown  the  presence 
of  at  least  eight  products  ,  it  was  deemed  necessary  to  investigate  first 
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the  metalation  reaction  itself.  Much  useful  information  might  become 
available  in  addition  to  that  concerning  the  evolution  of  hydrogen  gas.  The 
results  of  these  experiments  are  shown  in  Table  XI. 

Volumes  of  gas  (205-210  ml)  identical  to  those  found  in  the  indene 
case  ,  were  produced  when  only  solvent  and  metal  were  refluxed.  These 
contained  only  traces  of  hydrogen  gas  as  indicated  by  mass  spectrometry. 

One  notable  exception  occurred  however.  When  potassium  metal  was 
heated  in  refluxing  DME  for  nearly  24  hours  ,  the  volume  of  gas  increased 
to  315  ml,  but  contained  only  3%  of  hydrogen.  Both  methane  and  ethylene  , 

17%  and  2%  respectively  ,  were  found  in  this  case  ,  thus  accounting  for  the 
observed  increase  in  volume  above  210  ml.  Solvent  decomposition, 
postulated  previously,  is  thus  clearly  demonstrated. 

Mixtures  of  potassium  metal  and  acenaphthene  (1:1  mole  ratio) 
reacted  rapidly  in  refluxing  DME  ,  yielding  a  black  solution.  Consumption 
of  the  potassium  metal  was  complete.  Varying  the  reflux  times  from  2  to 
8.5  hours  in  three  experiments  caused  little  change  in  the  volume  of  gas 
collected,  this  being  235  to  250  ml,  containing  hydrogen  to  the  extent  of  4 
to  8%.  Although  the  one  gram-equivalent  of  lithium  metal  was  not  all  consumed 
during  the  metalation,  similar  quantities  of  gas  (255-260  ml)  were  trapped. 
These  also  contained  only  small  amounts  of  hydrogen.  In  one  instance 
(expt.  12)  where  mass  spectrometry  indicated  9%  of  hydrogen,  methane  (3%) 
and  ethylene  (7%)  were  also  found. 


Unlike  indene,  and  also  fluorene  ,  acenaphthene  therefore  yields  very 
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TABLE  XI 

Production  of  hydrogen  during  the  reaction  of  acenaphthene  with  lithium  or  potassium  metal 

in  refluxing  1  ,  2 -dimethoxy  ethane  (DME) 
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little  hydrogen  gas  when  it  reacts  with  an  equivalent  amount  of  potassium 
or  lithium  metal  in  the  ether  solvent  DME.  If  all  the  hydrogen  is  in  fact 
derived  from  a  reaction  such  as  equation  {e)  (p.  57)  with  indene  ,  it  would 
account  for  just  ^5%  of  reaction.  Considering  the  "acidity"  of  acenaphthene 
and  also  its  likeness  to  the  naphthalene  molecule  ,  this  observation  is  not 
surprising.  Naphthalene  is  known  to  react  readily  with  alkali  metals  in 
ethereal  solvents  ,  "the  reaction  consisting  of  the  transfer  of  an  electron 
from  the  metal  into  the  lowest  vacant  orbital  of  the  naphthalene  molecule  , 
and  the  transfer  of  the  resulting  metal  ion  into  solution,  where  its  energy 
drops  due  to  solvation."  (71).  Acenaphthene  thus  may  be  expected  to  under¬ 
go  the  same  reaction,  in  fact  it  may  do  so  even  more  readily  if  comparison 
to  its  dehydro  derivative,  acenaphthylene,  is  valid.  Hoijtink  and  co-workers 
(150)  have  tabulated  the  reduction  potentials  of  aromatic  hydrocarbons  (Ej), 
and  of  their  univalent  anions  (E^)  >  against  sodium-biphenyl  in  DME  ,  and 
found  that  the  values  for  acenaphthylene  were  greater  than  those  of  a 
number  of  hydrocarbons  ,  including  phenanthrene  ,  anthracene  ,  benzopyrenes 
etc..  The  E^  and  E2  values  reported  for  acenaphthylene  were  1.12  and  0. 56 
volts  respectively,  while  E^  for  naphthalene  was  0.09  volts.  No  E^  value 
was  available  due  to  the  instability  of  the  naphthalene  dianion,  although 
preparation  of  the  dianion  has  been  reported  quite  recently  (151).  Whether 
acenaphthene  is  closer  to  naphthalene  or  acenaphthylene  in  the  electro¬ 
chemical  series  cannot  be  decided.  Nevertheless  ,  a  definite  electron  affinity 
of  acenaphthene  can  be  inferred  by  comparison  with  the  above  two  compounds. 
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The  use  of  two  gram-equivalents  of  lithium  metal  raised  the  volume 
of  collected  gas  to  350  ml,  and  increased  the  amount  of  hydrogen  gas  to 
13%.  In  contrast,  the  addition  of  a  second  equivalent  of  potassium  brought 
about  far  greater  changes.  Large  increases  in  gas  evolution  were  noted, 
with  total  volumes  now  ranging  from  575  ml  to  890  ml,  depending  upon 
the  amount  of  metal  consumed.  Addition  of  a  second  molar  equivalent  of 
potassium  metal  therefore  caused  a  volume  increase  of  approximately 
335-650  ml.  This  increase  was  made  up  largely  of  hydrogen  gas  as  shown 
by  mass  spectr ometric  analysis.  In  fact,  the  largest  increase  (650  ml) 
corresponds  almost  to  the  volume  expected  when  0.05  mole  of  acidic 
hydrocarbon  reacts  completely  with  0.05  mole  of  metal  to  give  hydrogen 
and  a  salt. 

Although  the  exact  position  from  which  a  proton  is  removed  has 
not  been  determined,  it  seems  rather  unlikely  that  a  C  j  -  or  C9 -hydrogen 
is  involved.  Since  virtually  no  hydrogen  abstraction  from  these  positions 
occurred  when  one  equivalent  of  metal  was  used,  there  seems  to  be  no 
plausible  reason  why  such  a  reaction  should  take  place  when  two  equivalents 
of  metal  are  employed.  Instead,  proton  removal  from  a  reduced  species 
present  in  the  reaction  mixture  seems  more  likely,  resulting  in  the  forma¬ 
tion  of  another  anion,  or  even  a  dinegatively  charged  species.  This  view 
finds  support  from  later  methylation  experiments  ,  which  indicated  increased 
yields  of  a  number  of  products  ,  but  showed  no  large  increase,  in  1 -methyl  - 
acenaphthene  formation. 
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When  the  mixture  obtained  from  the  reaction  of  potassium  and  ace- 
naphthene  was  treated  with  dilute  aqueous  acid,  a  rapid  decolorization 
from  black  to  orange  to  yellow  took  place  (cf.  naphthalene  system  (152)). 
Analysis  by  GLC  on  three  different  columns  clearly  resolved  three  products 
in  the  ratio  of  11:5:84  when  one  equivalent  of  potassium  was  used,  and  the 
same  products  in  the  ratio  of  13:6:81  when  two  equivalents  were  utilized 
(averaged  from  three  experiments  each).  These  figures  indicate  that  very 
little  difference  in  the  final  products  exists  ,  whether  use  is  made  of  one 
or  two  equivalents  of  potassium.  (This  is  not  so  when  methyl  iodide  is 
added  to  the  metalated  material). 

By  comparative  retention  times  and  the  NMR  spectrum  (Fig.  33) 
of  the  reaction  mixture  ,  the  main  fraction  was  found  to  be  the  starting 
material  (sharp  singlet,  7^6.91).  The  product  obtained  in  smallest 
yield  (5-6%)  could  not  be  identified.  Its  retention  time  did  not  correspond 
to  any  of  the  authentic  samples  on  hand,  including  1  , 8 -dime  thylnaphthalene  . 
Evidence  for  this  latter  compound  was  never  found  in  any  of  the  metalation 
runs  studied  in  this  work.  1 -Ethylnaphthalene  was  not  considered  as  one 
of  the  products  on  the  basis  of  the  work  reported  by  Cram  and  Dalton  (68) 
(see  p.  28).  In  addition  to  an  aromatic  signal  at  3.1  f ,  the  unidentified 
component  exhibited  broad,  unresolved  peaks  between  7  and  9.3  If,  indicating 
reduction  of  the  acenaphthene  molecule. 

Some  vagueness  is  associated  with  the  identification  of  the  first 
peak  (11-13%)  when  one  molar  equivalent  of  potassium  was  used.  In  the 
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case  of  the  reaction  with  two  equivalents  ,  it  was  definitely  established  as 
2a  ,  3  ,4 , 5-tetrahydr oacenaphthene  ,  In  the  first  case  where  one  equivalent 

of  metal  was  employed,  the  inability  to  obtain  reproducible  results  was 
particularly  disconcerting.  In  two  out  of  four  experiments  ,  the  NMR 
spectra  (Fig.  33)  of  the  reaction  mixtures  showed  the  presence  of  olefinic 
protons  at  X-3.55  and  4.2,  while  in  the  remaining  two  experiments  none 
could  be  found  whatsoever  (Fig.  34).  Nevertheless  ,  the  GLC  patterns  of 
the  reaction  mixtures  were  identical  in  all  cases  ,  with  the  retention  time 
of  the  first  component  being  equal  to  that  of  2a  ,  3  ,4 , 5 -tetrahydr  oacenaph¬ 
thene  . 

The  observed  vinylic  protons  (Fig.  33)  ,  which  by  integration  of  the 
peaks  seemed  to  be  present  to  a  considerable  extent,  showed  an  AB 
pattern,  similar  to  that  of  2a  ,  3 -dihydr  oacenaphthene  (Fig.  28).  Instead  of 
two  doublets,  however,  two  sets  of  triplets  centered  about  X— 3.55  (J  — 10 
and  2  cps  )  appeared,  while  the  second  proton  at  4.2  X  appeared  as  a 
multiplet.  In  addition,  two  broader  signals  at  6.55  and  6.74T'  were 
noticeable.  In  the  infrared,  the  unsaturation  was  indicated  by  absorption  at 
at  1640  cm”'*’.  Attempts  to  isolate  this  olefinic  product  met  with  no 
success.  Both  GLC  isolation  and  column  chromatography  on  neutral 
alumina  with  Skellysolve  B  resulted  in  a  product  which  had  lost  all  its 
olefinic  character,  and  which  was  shown  to  be  2a  ,  3  ,4 , 5-tetrahydr  oacenaph¬ 
thene  by  NMR.  Additional  attempts  to  obtain  this  unknown  compound  by 
further  metalations  ,  which  would  permit  a  closer  study  as  to  its  structure  , 
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failed,  as  was  mentioned  earlier.  The  similarity  of  the  olefinic  pattern 
observed  in  the  NMR  spectrum  to  that  of  Za  , 3 -dihydr oacenaphthene  seems 
to  indicate  the  presence  of  a  conjugated  system,  which  may  be  able  to 
undergo  a  further  rearrangement.  The  possibility  exists  that  the  unknown 
compound  may  possess  a  structure  such  as  CXVIII.  Such  a  structure 


CXVIII 


could  rearrange  to  2a  ,  3  ,4 , 5 -tetr  ahydr  o  acenaphthene  ,  the  compound 

obtained  after  chromatography.  Models  have  indicated  that  a  compound 

of  the  above  type  is  structurally  quite  feasible. 

From  Table  XI  the  observation  can  be  made  that  in  none  of  the 

metalations  were  two  complete  equivalents  of  metal  consumed.  Although 

in  one  case  (expt.  8)  nearly  all  the  metal  had  reacted  ,  in  general  1 . 6  to  1.8 

equivalents  of  metal  were  required.  The  fact  that  less  than  one  equivalent 

of  lithium  metal  was  consumed  in  some  cases  (expt.  11  ,12)  must  be  due 

to  the  formation  of  the  or ganometallic  derivative  on  the  surface  of  the 
»• 

metal,  thereby  excluding  further  reaction. 

Cram  and  Dalton  (68)  have  also  metalated  acenaphthene  with 
potassium  in  DMF  ,  but  at  room  temperature  for  17  hours.  They  reported 
the  consumption  of  2  .  1  moles  of  metal  per  mole  of  hydrocarbon,  with 
concurrent  formation  of  two  products  as  analyzed  on  a  silicone  gum  column. 
Of  the  two  components  ,  formed  in  approximately  equal  yield,  one  was  found 
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to  be  starting  material,  while  the  second  was  shown  by  infrared  analysis 
to  be  neither  1 -ethylnaphthalene  nor  tetr ahydr  oacenaphthene  .  Upon 
repeating  their  work,  following  their  conditions  exactly  with  the  exception 
that  five -fold  quantities  were  taken,  we  found  that  indeed  2.1  equivalents 
of  metal  were  consumed.  However  four,  rather  than  two  products  were 
shown  to  be  present  by  GLC  analysis  on  three  different  columns.  Chromato¬ 
graphy  on  silicone  rubber  revealed  only  two  peaks  ,  along  with  a  small  shoulder 
of  a  third  component.  From  comparative  retention  times  on  three  columns 
and  the  NMR  spectrum  (Fig.  35)  of  the  mixture  ,  the  following  product 
distribution  was  found:  11%  of  2a  ,  3  ,4 , 5 -tetr  ahydr  oacenaphthene  ,  21%  of 
2a  ,  3 -dihydr  oacenaphthene  ,  56%  of  starting  material,  and  12%  of  an  unknown 
compound.  Under  these  mild  experimental  conditions,  it  is  surprising 
that  more  metal  was  consumed  than  when  refluxing  conditions  were  main¬ 
tained.  The  lower  temperatures  also  permitted  the  identification  of  the 
2a  ,  3 -dihydr  oacenaphthene  ,  which  could  arise  from  either  direct  1  ,2-addition, 
or  from  1  ,4-addition  with  subsequent  rearrangement.  Further  reduction 
of  this  conjugated  olefin  to  the  tetrahydro  derivative  of  course  could  ofccur 
quite  readily. 

The  use  of  lithium  metal  resulted  in  the  formation  of  five  components  , 

* 

two  of  which  had  longer  GLC  retention  times  than  the  products  obtained  from 
the  acenaphthene -potas s ium  reaction.  Area  ratios  obtained  with  one  equiv¬ 
alent  of  lithium  metal  were  1:3:89:3:4,  while  reaction  with  two  gram-equiv¬ 


alents  of  metal  gave  area  ratios  of  2:3:78:8:9.  These  figures  were  the 
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average  obtained  from  the  results  of  two  experiments  in  each  case.  Of 
these  five  components  ,  only  the  main  fraction,  acenaphthene  ,  could  be 
identified.  As  well,  the  presence  of  2a  ,  3  ,4 , 5 -tetrahydr  oacenaphthene 
could  be  ruled  out  on  the  basis  of  retention  time.  The  first  peak  (1-2%) 
might  have  been  due  to  a  compound  with  olefinic  character  ,  although  its 
concentration  in  the  reaction  mixture  was  too  small  for  reliable  identifi¬ 
cation  by  NMR  (Fig.  36).  Signals  above  X~1  in  the  NMR  were  character¬ 
istic  of  the  unknown  constituents. 

Due  to  the  presence  of  too  many  unidentifiable  components  ,  a 
material  balance  using  an  internal  standard  could  not  be  relied  upon  to 
give  meaningful  results.  However  ,  good  approximation  could  be  made  by 
weighing  the  reaction  mixture  ,  free  from  any  solvents  ,  then  subjecting  it 
to  chromatography  on  neutral  alumina.  Starting  with  7.71  g.  (0.05  mole) 
of  acenaphthene,  an  average  weight  of  7.8  -  7.85  gm  of  products  was  obtained 
in  all  cases  ,  regardless  of  the  amounts  of  potassium  or  lithium  metal 
introduced.  Chromatography  of  an  acenaphthene -potassium  reaction  mix¬ 
ture  on  neutral  alumina  with  Skellysolve  B  yielded  6.05-6.10  gm  (79%  ’ 
based  on  initial  starting  material)  of  product  exhibiting  the  same  peaks  on 
GLC  as  before .  Ether  elution  removed  a  further  1.05-1.22  gm  (14-16%) 
of  a  yellow  viscous  oil,  which  did  not  come  off  &.GLC  column  at  200  °  . 

Final  elution  with  methyl  alcohol  gave  0.16  gm  (2%)  of  an  oily  solid  which, 
like  the  ether  fraction  most  probably  consisted  of  di-  or  polymeric  material. 
Similar  treatment  of  an  acenaphthene -lithium  reaction  mixture  yielded  the 
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three  fractions  in  70,  16,  and  12%  yields.  In  all  cases  therefore,  better 
than  90  or  95%  of  the  weight  of  material  could  be  accounted  for. 

I.  Methylation  of  Metalated  Acenaphthene 

Methylation  of  the  green-black  reaction  mixtures  ,  obtained  by 
refluxing  acenaphthene  with  potassium  metal  in  DME  ,  with  a  large  excess 
of  methyl  iodide  was  found  to  be  quite  complex  and  generally  gave  incon¬ 
clusive  and  unsatisfactory  results.  The  reaction  involving  lithium  appeared 
to  be  relatively  quite  simple  ,  though  here  also  the  results  were  far  from 
satisfactory . 

From  the  acenaphthene -potas sium  mixture  (l:lmole  ratio)  ,  GLC 
analysis  on  a  column  of  25%  silicone  rubber  on  Gas-Chrom  P  revealed 
five  products  (1  5: 14:48(25:23) :  2  3  mole  perc  cent)*.  On  Apiezon  L  the  same 
mixture  gave  eight  components  ( 5: 20(  1  2 :8) :  3: 8 : 4 5 :  6: 1  3)  ,  while  on  neopentyl- 
glycol  succinate  (NPGS)  eleven  different  constituents  were  distinguishable 
( 1  3: 8:3(1 :2) :9(2:4: 3):41 : 1  0:6: 10) .  This  complicated  mixture  was  extremely 
difficult  to  analyze.  Moreover,  the  NMR  spectrum  (Fig.  37)  of  this  mix¬ 
ture  was  complicated  and  difficult  to  interpret.  Consequently  it  was 
necessary  to  rely  heavily  upon  comparison  of  GLC  retention  times  with  those 
of  authentic  samples  ,  a  procedure  which  is  not  entirely  satisfactory.  To 
make  matters  worse  ,  very  few  of  the  authentic  samples  could  be  matched 

*  The  use  of  brackets  after  a  number,  i.e.  after  a  peak,  indicates 
that  this  peak  is  poorly  resolved  into  the  number  of  components 
shown  within  the  brackets.,  e.g.  The  48%-peak  is  poorly  resolved 
into  two  products  ,  25%  and  23%  respectively. 
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by  retention  times  with  those  of  the  products  obtained  from  the  above 
methylation.  In  addition,  none  of  the  products  could  be  obtained  in  a  pure 
state  by  GLC  isolation;  only  fractions  of  the  total  reaction  mixture  could 
be  obtained  in  which  some  peaks  were  more  concentrated  while  others 
were  greatly  diminished  or  were  completely  absent.  By  use  of  these 
GLC-isoiated  fractions  of  the  overall  reaction  mixture  ,  comparative 
retention  times  ,  and  NMR  spectra  the  following  conclusions  could  be 
made: 

1.  The  presence  of  2a  ,3  ,4  ,5-tetrahydroacenaphthene  to  the  extent  of 
approximately  10-14%  is  strongly  indicated  by  retention  times  on  three 
different  columns  ,  although  not  conclusively  proven. 

2.  By  retention  time  on  an  NPGS  column, no  more  than  1%  or  2%  of  dihydro- 
acenaphthenes  could  be  present  in  the  reaction  mixture. 

3.  Both  the  starting  material  and  1 -methylacenaphthene  were  definitely 
present  in  the  reaction  mixture.  From  comparative  retention  times 
on  all  three  columns, but  particularly  silicone  rubber  ,  the  biggest  peak 
(41-48%)  was  made  up  largely  of  these  two  products,  and  the  relative 
percentages  of  each  of  the  two  compounds  is  therefore  estimated  to  be 
approximately  20-25.  This  is  supported  by  the  strong  signals  observed 
in  the  NMR  spectrum  (Fig.  37).  The  characteristic  singlet  for  ace- 
naphthene  occurred  at  ^=6.86,  while  the  multiplets  between  ^  =  6.  3-7.4 
corresponded  to  those  observed  for  authentic  1 -methylacenaphthene  . 

4.  Of  the  dimethylated  acenaphthenes  ,  certainly  no  more  than.  3%,  if  any 
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at  all,  of  the  1  , 1 -disubstituted  derivative  could  be  detected,  while  the 
formationiof  cis  - 1  i, 2 -dimiethylacenaphthene'  could  be  excluded  altogether  . 
Both  these  determinations  were  made  on  the  basis  of  the  observed 
retention  times  on  an  NPGS  column.  The  presence  of  trans-1  ,2-' 
dimethylacenaphthene  of  course  cannot  be  eliminated,  due  to  the  lack 
of  an  authentic  specimen. 

5.  Even  though  the  retention  time  of  a  10%  peak  on  an  NPGS  column 

matched  that  of  1,1  ,2 -trimethyl -  and  1  ,1  , 2 , 2 -tetr amethylacenaphthene  , 
the  formation  of  these  two  compounds  appeared  extremely  unlikely  in 
view  of  the  very  small  amount  (if  in  fact  any)  of  disubstitution  observed 
above.  On  this  basis  the  tri-  and  tetramethyl  derivatives  were  excluded 
as  possible  reaction  products. 

In  addition  to  the  above  observations  ,  the  NMR  spectra  also  indicated 
the  presence  of  some  olefinic  product  possessing  signals  at  if—  3 . 6  and  4.1. 
These  signals  were  present  even  after  column  chromatography  on  neutral 
alumina,  which  could  indicate  that  the  presence  of  methyl  substituents  may 
prevent  rearrangement  of  the  molecule.  Furthermore,  numerous  signals 
believed  to  be  due  to  methyl  groups  ,  appeared  at  tau  values  above  7.  5. 

Small  singlets  at  7 . 5  and  7.75  if ,  and  a  doublet  at  7 .97  If  ( J  =  1  .  5  cps  ) 
appear  to  indicate  linkage  to  an  electron-withdrawing  group,  while  very 
strong  signals  at  8. 67-8. 83  If  are  apparently  positioned  at  a  saturated 
carbon  centre.  A  two-line  signal  (possibly  a  doublet)  with  a  7  cps 
separation  was  also  present  at  very  high  field  ,  9. 58. 
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The  use  of  two  equivalents  of  potassium  metal,  with  1.76  equivalents 
having  been  consumed  after  17  hours  in  refluxing  DME  ,  led  to  surprisingly 
few  differences  in  results.  Notable  changes  were  the  appearance  or  dis¬ 
appearance  of  a  few  minor  products  as  seen  by  GLC  analysi  s;  the  general 
per centage -wise  increase  of  most  products  (also  observed  by  GLC)  ,  and 
the  almost  complete  absence  of  the  starting  material  as  indicated  by  the 
NMR  spectrum  (Fig.  38).  Important  also  is  the  fact  that  the  amount  of 
1 -methylacenaphthene  showed  no  significant  increase, being  approximately 
20-23%  of  the  total  mixture  as  shown  by  retention  time  on  an  NPGS  column. 
The  signals  of  the  -  and  C>2~  Pr°tons  of  1 -methylacenaphthene  are  clearly 
distinguishable  between  T-6.4  and  7.4;  the  methyl-doublet  is  buried 
beneath  the  strong  signals  at  ^=8 . 75-8 . 82 .  It  appears  therefore  that 
metalation  at  is  not  favored,  even  with  the  introduction  of  a  second 
equivalent  of  potassium  metal.  Analyses  by  GLC  were  as  follows:  silicone 
rubber  -  17:18:32:31:2;  Apiezon  L  -  6:23(  1  3: 1 0) :2: 14: 26: 1 0: 1  6: 3 ;  NPGS  - 
1  6: 1 1 :3: 1 0(6:4) :23 : 1 6:7:14.  As  can  be  seen,  a  small  2%  and  3%  peak 
appeared  at  the  end  when  silicone  rubber  and  Apiezon  columns  were  used 
respectively,  while  two  small  constituents  (1%  and  2%)  had  disappeared 
from  the  NPGS  analysis.  Otherwise  all  other  observations,  including 
spectral,  were  as  before. 

In  contrast  to  the  great  complexity  encountered  when  potassium 
metal  was  used,  reactions  with  lithium  were  much  simpler  although  also 
unsatisfactory.  In  fact  very  little  difference  existed  between  the  results 
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of  these  methylation  reactions  and  those  of  the  metalation  experiments 
described  earlier.  That  is,  very  little,  if  any  methylation  occurred, 
since  the  final  reaction  mixture  was  composed  almost  exclusively  of 
starting  material,  as  shown  by  GLC  and  the  NMR  spectrum  (Fig.  39). 
Addition  of  excess  methyl  iodide  to  the  metalated  hydrocarbon  produced 
very  little  reaction,  with  little  or  no  lithium  iodide  precipitating  from 
solution.  However  ,  upon  decomposition  of  the  reaction  mixture  with 
dilute  acid,  a  vigorous  reaction  ensued  indicating  the  presence  of  some 
reactive  species.  Even  after  the  reaction  mixture  was  warmed  for  two 
hours  and  more  methyl  iodide  was  added, methyl  groups  were  not  introduced 
in  substantial  amounts.  When  one  equivalent  of  lithium  was  used  (90-93% 
was  consumed  after  17  hours  of  reflux),  90%  of  acenaphthene  was  recovered 
as  shown  by  GLC,  the  remaining  10%  being  distributed  among  at  least  five 
components  ,  the  largest  of  which  was  5  to  6%  of  the  total  product.  The 
introduction  of  two  equivalents  of  lithium  metal,  65%  of  which  was  consumed 
in  1  5  hours  ,  lowered  the  quantity  of  starting  material  to  75%,  and  gave 
six  other  constituents  sharing  the  remaining  25%  of  product  in  the  ratios 
2:3:2:5:5:8.  The  NMR  spectrum  (Fig.  40)  in  this  case  showed  some  weak 
signals  at  about  7=8.65,  no  doubt  due  to  some  methyl  groups.  Even  though 
lithium  compounds  are  known  to  possess  more  covalent  character  and 
less  reactivity  (71),  these  methylation  results  were  nevertheless  unexpected 
As  before  ,  column  chromatography  on  neutral  alumina  allowed  the 
separation  of  the  analyzable  hydrocarbons  from  any  polymeric  products 
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formed  during  the  reactions.  Starting  with  7.71  gm  (0.05  mole)  of 
acenaphthene  ,  elution  with  Skellysolve  B  gave  6.3  and  6.6  gm .  of  hydro¬ 
carbon  mixture  when  one  equivalent  of  potassium  and  lithium  was  used 
respectively.  Ether-methyl  alcohol  elutions  gave  an  additional  1.37  and 
1.15  gm  of  a  viscous  oil  for  these  two  cases.  That  extensive  methylation 
occurred  when  two  equivalents  of  potassium  were  employed  was  indicated 
by  the  fact  that  7.6  gm  of  reaction  products  could  be  eluted  with  Skelly¬ 
solve  B  as  compared  with  approximately  6.1  gm  for  the  metalation 
reaction  when  no  methyl  iodide  was  introduced  (see  p.  136).  In  addition 
to  the  above  7.  6  gm  of  products  obtained  when  Skellysolve  was  the  eluant, 
0.86  gm  of  polymeric  material  was  recovered  with  ether -methyl  alcohol 
elution.  Total  recoverable  material  in  these  experiments  varied  in 
weight  therefore  between  7. 6  and  nearly  8. 5  gm. 
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On  p.  143-156  all  the  NMR  ,  IR  ,  and  UV  spectra  mentioned  in 
the  Discussion  and  the  Experimental  can  be  found.  All  NMR  spectra 
are  referred  to  tetr amethylsilane  (‘£'=.10.00)  as  the  internal  standard. 
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EXPERIMENTAL 


All  melting  points  and  boiling  points  reported  in  this  section  are 
uncorrected. 

Microanalyses  were  performed  by  Miss  Darlene  Roberts  of  the 
micr oanalytical  section  of  the  Chemistry  Department,  and  by  C.  Daessle 
Organic  Microanalyses,  Montreal,  Canada, 

Infrared  spectra  were  recorded  with  a  Perkin-Elmer  Model  421 
spectrophotometer  ,  and  ultraviolet  spectra  with  a  Perkin-Elmer  202 
Ultraviolet- Visible  spectrophotometer.  Nuclear  magnetic  resonance 
spectra  were  recorded  with  Varian  A-60  and  HR-100  spectrometers. 
Mass  spectra  were  obtained  with  a  Metropolitan  Vickers  instrument, 
Model  MS-2H,  AEI,  Manchester. 

A  .  Analyses  by  Gas -Liquid  Chromatography  (GLC)  and  Product 

Identification 


A  Burrell  Model  K-2  Kromo-Tog,  equipped  with  an  integrator,  was 
used  for  all  GLC  analyses  ,  utilizing  the  following  2.5  m  columns:  silicone 
rubber  ,  neopentylglycol  succinate,  and  Apiezon  L,  each  25%  by  weight  on 
Gas-Chrom  P  (60-80  mesh).  For  complete  separation  of  the  products  of 
metalation  and  alkylation  it  was  necessary  to  change  from  one  column  to 
another.  Helium,  at  a  flow  rate  of  about  100  ml/minute  was  the  carrier 


gas  . 


Column  temperatures  varied  with  the  different  packings  ,  but  were 
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adjusted  to  give  maximum  separation  of  the  products.  In  general,  temper¬ 
atures  of  120-175°  were  used  for  the  indenes  ,  and  175-210°  for  the  acenaph- 
thene  derivatives.  Products  were  identified  by  comparison  of  their 
retention  times  with  those  of  authentic  samples  ,  as  well  as  by  their  isolation 
via  the  Kromo-Tog  and  subsequent  analysis  by  NMR  and  IR  spectral  deter¬ 
minations.  The  paper  areas  of  the  various  product  peaks  were  measured 
by  an  integrator.  Analysis  of  carefully  weighed  authentic  mixtures  of  the 
reaction  products  showed  that  these  paper  areas  could  be  used  as  a  direct 
measure  of  molar  compositions  of  the  reaction  mixtures.  In  the  indene 
case  ,  the  addition  of  a  carefully  weighed  amount  of  tert-butylbenzene  as 
an  internal  standard  allowed  the  calculation  of  the  weights  of  each  individual 
product,  and  hence  determination  of  the  absolute  per  cent  recovery. 

B  „  Solvents  and  Chemicals 

1  , 2 -Dimethoxyethane  (DME)  ,  commercially  available,  was  refluxed 
overnight  over  potassium,  then  distilled  twice  from  the  same  metal  before 
use  (b.p.  ,  83°/700  mm).  Analysis  by  GLC  showed  it  to  be  free  from  con¬ 
taminants  . 

Potassium  metal  (BDH  reagent)  ,  and  lithium  metal  (Fisher  Scientific 
Co.  ,  Lithium  Corporation  of  America)  were  freed  from  encrusting  oxide 
or  nitride  while  under  Skellysolve  B  or  paraffin  oil.  Fisher  lithium  was 
used  during  the  indene  portion  of  this  work,  while  lithium  wure  (1/8  inch 
diameter)  from  the  Lithium  Corporation  was  taken  for  the  acenaphthene 
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reactions  . 

Indene  (Eastman  Kodak  Co. )  ,  practical  grade  ,  was  treated  with 
Drierite  ,  then  distilled  twice  at  atmospheric  pressure  (b.p.  ,  176-177°/ 

700  mm).  Analysis  by  GLC  showed  it  to  be  free  from  impurities  and 
water  . 

Indan  (practical  grade)  was  obtained  commercially  from  Matheson 
Chemical  Co.  . 

Fluorene  (Eastman  Kodak  Co.,  98%)  was  crystallized  six  times  from 
95%  ethyl  alcohdL  and  then  heated  for  4  hours  at  65°  under  vacuum  in  an 
Abderhalden  drier  to  remove  solvent.  It  was  then  dried  under  the  same 
conditions  but  in  the  presence  of  phosphorus  pentoxide,  The  product 
was  stored  in  a  desiccator  over  phosphorus  pentoxide. 

Acenaphthene  (Eastman  Kodak  Co.)  was  recrystallized  three  times 
from  95%  ethyl  alcohol,  air  dried  ,  and  then  dried  for  8  hours  at  65°  under 
vacuum  in  an  Abderhalden  drying  pistol.  The  pure  product  (m.p.  ,  94-95°) 
was  stored  in  a  desiccator  over  phosphorus  pentoxide. 

C.  Experimental  Work  Concerned  with  the  Preparation  of  Methylated 

Indene  s  and  Indan 

Trans  -  3  -  hydroxy  -  1  -phenyl  -  1  -butene  (LIV)  was  prepared  according 
to  the  procedure  of  Braude  jet  _al  (85).  Freshly  distilled  cinnamaldehyde 
(122  gm  ,  0.925  mole)  in  200  ml  of  ether  was  added  to  an  ethereal  solution 
of  methylmagnesium  iodide  (from  24  gm  (1.0  mole)  magnesium  metal  and 
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sufficient  methyl  iodide)  over  a  period  of  5  hours  with  stirring  ,  the  reaction 
temperature  being  kept  at  10-20°.  The  thick,  grey  mixture  was  stirred  at 
room  temperature  for  an  additional  15  hours  ,  and  decomposed  with  cold, 
saturated  ammonium  chloride  solution.  The  ether  extract  was  dried 
(anhydrous  K2CO3)  ,  then  freed  from  solvent.  Final  distillation  under 
reduced  pressure  afforded  112  gm  (82%)  of  the  desired  alcohol,  obtained 
as  a  pale-yellow  oil  boiling  at  1  00  °!  1 . 3  mm.  Lit.  b.  p.  ,  104°/  1  mm  (85) . 

3  -Hydroxy-  1  -phenyl- 1  -butyne  ( LVII)  was  prepared  following 
published  procedures  (50).  To  approximately  300  ml  of  ethereal  Grignard 
solution,  obtained  from  34  gm  (1.4Q  moles)  of  magnesium  and  170  gm 
(1.56  moles)  of  ethyl  bromide  ,  135  gm  (1.32  moles)  of  ethynylbenzene  was 
slowly  added  with  stirring.  When  ethane  was  no  longer  evolved  ,  80  gm 
(1.82  moles)  of  acetaldehyde  in  250  ml  of  ether  was  slowly  added,  the 
reaction  flask  being  kept  cold  in  an  ice -salt  bath.  The  reaction  mixture 
was  stirred  overnight  ,  after  which  the  complex  was  decomposed  with 
sufficient  10%  sulfuric  acid.  The  ether  extract  was  dried  (MgSO^)  and 
distilled,  providing  125  gm  (65%)  of  pure,  colorless  product.  B.p.  ,  120°/ 
5.0  mm.  Lit.  b.p.  ,  128°/9  mm  (50).  The  infrared  spectrum  (film) 
showed  broad  hydroxyl  absorption  between  3600  and  3100  cm  *  ,  as  well  as 
the  characteristic  triple  bond  signal  at  2230  cm-*  (132).  The  NMR  spectrum 
also  agreed  with  the  proposed  structure. 

Cis  -3-hydroxy-l  -penyl-1  -butene  (LV) 

(1)  Low-pressure  reduction  of  0 . 2  mole  of  the  substituted  1 -butyne  in 


.(  *C)  mm  9\°8S.l  ,  .q  .d  r 


-  161 


50  ml  of  anhydrous  methyl  alcohol  with  1-2  gm  of  Raney  nickel  (144) 
occurred  very  rapidly  at  room  temperature,  0.2  mole  of  hydrogen  being 
taken  up  within  20  minutes.  Distillation  under  reduced  pressure  gave  a 
90%  yield  of  product  ,  presumed  to  be  cis - 3 -hydroxy-  1  -phenyl  -  1  -butene  , 
b.p.  ,  99-100°/2.6  mm.  Lit  b.p.  for  the  cis  compound,  144°/21  mm  (84). 
GLC  analysis  indicated  the  presence  of  four  components  ,  the  largest 
being  60%  of  the  total  mixture. 

(2)  Hydrogenation  of  LVII  primarily  to  ci_s -3 -hydroxy -1  -phenyl-  1  - 
butene  could  be  accomplished  by  the  use  of  Lindlar's  catalyst  (86).  Fifty 
gm  of  3 -hydr oxy- 1 -phenyl- 1 -butyne  ,  100  ml  of  n-heptane  ,  5  gm  of  catalyst, 
and  2  gm  of  quinoline  were  placed  in  an  hydrogenation  bottle  and  shaken 
with  hydrogen  (initial  pressure  ,  50  p.  s  .  i.  )  at  room  temperature  till  no 
more  gas  was  taken  up  (3-4  hours).  Removal  of  the  solvent  and  vacuum 
distillation  yielded  an  almost  colorless  oil  (92%)  ,  of  which  approximately 
90%  was  assumed  to  be  the  cis  isomer  ,  as  indicated  by  GLC .  B.p., 

106-107°/4.4  mm.  Lit.  b.p.  ,  144°/21  mm  (84). 

Cis  -  and  tr ans  -3  -chloro-  hphenyl-  1  -butene  could  be  prepared  from 
the  corresponding  alcohols  according  to  the  method  of  Muskat  and  Herrman 
(84).  Anhydrous  hydrogen  chloride  was  bubbled  for  approximately  2  hours 
through  a  solution  of  35  gm  of  each  of  cis  -  and  tr  ans  -3  -  hydroxy  -  1  -phenyl  -  1  - 
butene  in  70  ml  of  dry  ether  ,  continually  cooled  at  0°  in  an  ice -water  bath  „ 

In  the  first  attempt  at  isolation  of  the  product,  washing  of  the  ethereal 
solution  with  10%  aqueous  sodium  hydroxide  and  then  with  water  seemed  to 
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hydrolyze  some  of  the  allylic  chloride;  hence  excess  hydrogen  chloride 
and  solvent  were  removed  by  water -pump.  This  resulted  in  the  formation 
of  two  layers.  The  upper  layer  was  separated,  dried  (MgSC^)  ,  and 
distilled  under  vacuum  affording  tr  ans  -3  -chloro  - 1  -  phenyl  -  1  -butene  (19  gm  , 
49%  yield)  ,  boiling  at  100-1 10°/ 6  mm  (lit.  b.  p.  ,  104°/ 6  mm(84))  and  cis  - 
3  -  chloro  -  1  -  phenyl  - 1  -butene  ( 1  3  gm  ,  34%  yield)  ,  of  boiling  point  96-98°/ 3 . 2 
mm  (lit.  b.p.  ,  108°/ 6mm  (84)). 

Attempted  cyclizations  for  the  preparation  of  1  -methylindene 

(1)  Fifty  gm  of  tr  ans  -  3  -  hydroxy  - 1  -  phenyl  - 1  -butene  (LIV)  and  140  ml  of 
85%  phosphoric  acid  were  mixed  and  then  heated,  with  stirring,  on  a  steam 
bath  for  1  hour.  The  mixture  was  diluted  with  200  ml  of  cold  water  ,  then 
ether  extracted.  The  ether  extract  was  dried  (Na^SO^.)  and  distilled. 

Only  a  high -boiling  ,  vis cous  oil  was  collected.  B.p.  ,  1  65 -  185°/  1  .  5  mm . 

(2)  The  above  experiment  was  repeated  using  25  gm  of  the  carbinol 
(LIV)  ,  but  with  polyphosphoric  acid  (70  ml  of  phosphoric  acid  and  24  gm  of 
phosphorus  pentoxide).  Heating  on  a  steam  bath  was  carried  on  for  only 
30  minutes.  The  same  high-boiling  product  resulted. 

(3)  To  1  5  gm  (0. 09  mole)  of  trans -3 -chloro -1  -phenyl-1  -butene  in  50 
ml  of  Skellysolve  B  was  added  18  gm  (0.135  mole)  of  anhydrous  aluminum 
chloride,  and  the  mixture  then  stirred  at  room  temperature  for  30  minutes. 
A  dark-red  solid  formed.  The  reaction  mixture  was  warmed  on  the  steam 
bath  for  a  few  minutes  ,  then  diluted  with  50  ml  of  ice -water  ,  resulting  in 


the  formation  of  a  solid  mass  which  was  decomposed  by  heat.  Ether 
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extraction  of  the  product,  followed  by  work-up  described  in  (1)  above 
resulted  ina  small  yield  of  an  unknown  pale-yellow  liquid  (b .  p .  ,9 1° /4 . 2  mm), 
along  with  other  ,  high-boiling  fractions. 

(4)  In  a  modification  of  procedure  (3)  ,  12.2  gm  (0.073  mole)  of  cis-3- 
chloro - 1 -phenyl - 1 -butene  in  25  ml  of  Skellysolve  B  was  added  dropwise  to 
14.6  gm  (0.11  mole)  of  anhydrous  aluminum  chloride  in  50  ml  of  Skellysolve 
B.  After  the  addition  was  completed,  stirring  was  continued  for  30  minutes  , 
after  which  time  hydrogen  chloride  was  no  longer  evolved.  Work-up  of 

the  ether  extract  as  in  procedure  (3)  again  failed  to  give  the  desired  product 
as  indicated  by  an  NMR  spectrum  of  the  material  obtained. 

(5)  Thirty-five  gm  of  cis  -3  -hydroxy  - 1  -phenyl-  1  -butene  (LV)  was 
added  to  100  ml  of  phosphoric  acid  containing  35  gm  of  phosphorus  pent- 
oxide  ,  and  the  mixture  heated  and  stirred  on  a  steam  bath  for  30  minutes. 
Steam  distillation  of  the  reaction  mixture  followed  by  distillation  of  the 
product  under  reduced  pressure  gave  3-4  ml  of  a  colorless  oil  boiling  at 
46-47°/2.3  mm.  GLC  analysis  indicated  the  presence  of  a  number  of 
constituents  ,  the  largest  one  being  approximately  60%  of  the  total.  By 
retention  time  of  an  authentic  sample,  approximately  20%  of  the  reaction 
mixture  was  shown  to  be  3 -methylindene .  Separation  of  the  main  compon¬ 
ent  (60%)  by  GLC  yielded  a  pure,  colorless  oil,  the  NMR  spectrum  of 
which  contained  all  the  signals  expected  for  1 -methylindene  (Fig.  1). 

3 -Methyl -  1 -indanone  (LX).  The  preparation  of  3 -methyl- 1 -indan- 


one  could  be  achieved  in  two  ways. 
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(1)  Following  the  procedure  of  Lindenbaum  (89),  120  gm  (1.0  mole) 
of  acetophenone  ,  200  gm  (1 .2  moles)  of  ethyl  bromoacetate  ,  and  80  gm 
(1.22  moles)  of  zinc  dust  were  combined  in  600  ml  of  dry  benzene.  After 
an  initial  warming  of  the  mixture  on  a  steam  bath,  a  vigorous  reaction 
set  in.  When  the  vigor  of  the  reaction  had  diminished  somewhat,  the 
mixture  was  heated  under  reflux  for  1  hour.  It  was  then  cooled,  shaken 
with  dilute  sulfuric  acid,  the  isolated  benzene  layer  dried  (MgSOq)  and 
distilled.  An  oil  was  obtained  boiling  at  122-125°/4  mm.  Lit.  b.p.  , 
146-147715  mm  (89). 

To  this  oil  in  200  ml  of  benzene  ,  3  5  ml  of  phosphorus  oxychloride 
(POCl^)  was  added  portionwise  ,  and  the  reaction  mixture  heated  gently 
till  reflux.  (Care  must  be  taken  during  the  addition  and  heating  period 
or  else  the  dehydration  reaction  may  become  uncontrollable).  The  reaction 
mixture  was  refluxed  for  45  minutes  ,  cooled,  washed  twice  with  water  to 
remove  the  inorganic  substances  ,  the  organic  portion  then  dried  (MgSC>4) 
and  distilled  under  reduced,  pressure  ,  yielding  ethyl  ^3  -methylcinnamate 
(LVXII,  54%  yield  based  on  acetophenone).  B.p.,  130°/6  mm.  Lit.  b.p.  , 
146-148°/  16.5  mm  (89). 

Saponification  of  the  ester  to  ^3 -methylcinnamic  acid  was  readily 
accomplished  by  refluxing  for  2  hours  with  300  ml  of  10%  aqueous  sodium 
hydroxide.  Cooling  and  acidification  with  sulfuric  acid  gave  the  acid  in 
nearly  quantitative  yield.  The  acid  was  purified  by  recrystallization  from 
Skellysolve  B,  affording  white  crystals  melting  at  94-96°.  Lit.  m.p.  , 
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98.  5°  (153). 


/3-Phenylbutyric  acid  was  obtained  in  95%  yield  by  the  room  temper 
ature  reduction  of  ^-methylcinnamic  acid  in  95%  ethyl  alcohol  using 
hydrogen  at  50  p.s.i.  initial  pressure  and  platinum  oxide  as  the  catalyst. 
After  hydrogen  uptake  was  completed,  distillation  furnished  the  carboxylic 
acid.  B.p.  ,  133°/1.4  mm.  Lit.  b.p.  ,  168-169°/14  mm  (153).  The 
solidified  acid  exhibited  a  melting  point  of  35-36.5°.  Lit.  m.p.  ,  47°  (39- 


40°)  (153). 

I<3 -Phenylbutyryl  chloride  (LIX)  was  prepared  in  the  usual  manner 
by  refluxing  ^-phenylbutyric  acid  with  2  5%  excess  thionyl  chloride  in 
benzene  solution  for  2-3  hours.  Distillation  under  reduced  pressure  gave 
the  acid  chloride  (97%  yield)  ,  boiling  at  99-100°/4.  5  mm.  Lit.  b.p.  , 

11 4°/  11  mm  (153). 


By  the  Friedel-Cr afts  procedure  (47)  ,  60  gm  (0. 33  mole)  of  ^  - 
phenylbutyryl  chloride  in  50  ml  of  Skellysolve  B  (or  CS^)  was  slowly  added 
at  room  temperature  to  65  gm  (0.49  mole)  of  anhydrous  aluminum  chloride 
in  200  ml  of  Skellysolve  B  (or  CS2)  with  efficient  stirring.  After  addition 
of  the  acid  chloride  was  completed,  stirring  was  continued  for  30  minutes  , 
after  which  time  250  ml  of  cold  water  was  slowly  added.  The  ether 
extract  was  dried  (MgS04)  and  distilled,  affording  3  -methyl-  1  -indanone 
in  85%  yield.  B.p.  ,  103°/3.9  mm.  Lit.  b.p.  ,132-137°/15  mm  (48). 

(2)  The  second  and  much  simpler  method  for  preparing  3 -methyl- 1- 

indanone  employed  the  procedure  of  Koelsch^et ;  _al  (48).  A  solution  of 
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crotonic  acid  (68  gm  ,  0.8  mole)  in  500  ml  of  benzene  was  added  to 
anhydrous  aluminum  chloride  (318  gm  ,  2.4  moles)  ,  and  the  mixture  boiled 
for  5  hours.  Following  decomposition  with  ice  and  water  ,  the  reaction 
mixture  was  extracted  with  ether  ,  the  ether  layer  washed  first  with  sodium 
bicarbonate  solution,  then  with  water  ,  and  finally  dried  (MgSO^)  and 
distilled.  Ninety-four  gm  (82%  yield)  of  the  ketone  was  obtained. 

3  , 3  -Dimethyl-  1  -indanone  (LXII)  was  prepared  by  the  same  procedure 
from  100  gm  (1.0  mole)  of  3 -methylcr otonic  acid  (Aldrich  Chemical  Co.), 
700  ml  of  benzene  ,  and  400  gm  (3.0  moles)  of  anhydrous  aluminum  chloride. 
Yield,  131  gm  (82%);  b.p.  ,  107°/4.7  mm.  Lit.  b.p.  ,  130-132°/18  mm 
(154). 

3  -Methylindene  (XXXVIII)  was  prepared  in  60-75%  yield  by  the 
method  of  Parham  _et  _al  (91),  starting  with  commercially  available  1- 
indanone  (Eastman  Kodak  Co.).  Twenty  gm  (0.15  mole)  of  1 -indanone 
in  150  ml  of  anhydrous  ether  was  added  dropwise  ,  with  stirring,  to  a 
solution  of  methylmagnesium  iodide,  prepared  from  6  gm  (0.25  mole) 
of  magnesium  and  40  gm  (0.28  mole)  of  methyl  iodide  in  the  usual  manner 
(112).  After  the  addition  was  complete  (approximately  60  minutes),  the 
mixture  was  refluxed  for  30  minutes  ,  and  then  treated  with  180  ml  of  ice 
and  60  ml  of  20%  sulfuric  acid  (by  volume).  The  ether  was  removed  from 
the  mixture  by  distillation,  -and  an  additional  60  ml  of  20%  aqueous  sulfuric 
acid  was  added.  The  resulting  solution  was  refluxed  for  15  minutes  ,  and 
subsequently  steam  distilled.  The  organic  layer  was  separated,  dried 
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(MgSO^)  and,  after  two  fractional  distillations,  gave  the  product  (14.8  gm) 

o  23 

as  a  colorless  liquid  boiling  at  56  /2 . 0  mm;  7^^  ,  1.5621.  Lit.  b.p., 

25 

76-78°/ 11  mm;  ^  ,  1.5586  (91).  The  NMR  spectrum  of  this  compound 
is  shown  in  Fig.  4. 

1  -Methylindene  (V)  was  synthesized  according  to  the  scheme  given 
by  Y arboro  ,  Karr  ,  and  Estep  (39) .  A  quantity  (24  gm  ,  0.165  mole)  of 
3 -methyl- 1 -indanone  in  125  ml  of  ether  was  added  dropwise  to  a  stirred 
solution  of  9  gm  (0.24  mole)  of  lithium  aluminum  hydride  in  200  ml  of 
ether,  according  to  general  procedure  (90).  After  2  hours  of  reflux,  the 
reaction  mixture  was  decomposed  with  ice  and  dilute  hydrochloric  acid, 
washed  with  water  and  sodium  bicarbonate  solution  until  neutral,  and 
dried  (MgSO^).  Removal  of  the  solvent  left  a  white  solid  (19.5  gm  ,  80% 
yield)  r e cry stallizable  from  Skellysolve-  B.  M.p.  ,  70-72°;  lit.  m.p. 
for  3 -methyl- 1 -indanol  71-72°(90). 

In  the  absence  of  solvent,  the  alcohol  was  stirred  and  heated  with 
25%  of  its  weight  of  solid  oxalic  acid,  either  in  the  anhydrous  or  the 
dihydrate  form,  at  reflux  temperature  for  15-20  minutes.  When  the 
reaction  mixture  was  cooled,  the  substituted  indene  was  extracted  from  the 
solidified  acid  with  Skellysolve  B.  The  hydrocarbon  layer  was  dried  and 
fractionally  distilled,  giving  a  40%  yield  of  1  -methylindene  as  a  colorless 
liquid  boiling  at  54°/  3  .  5  mm;  ^  1 . 5540  .  Lit .  b.p.  ,  55-56°/  3. 75  mm 
(or  186°/735  mm);  ?£^1.5565  (39).  The  NMR  spectrum  of  this  compound, 
shown  in  Fig,  1  ,  corroborates  the  structure  designated. 
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1  , 3 -Dimethylindene  (LXV)  was  prepared  from  the  3 -methyl- 1- 
indanone  ,  mentioned  above  ,  by  the  method  suggested  in  the  literature  (92). 
This  ketone  (50  gm  ,  0.34  mole)  in  50  ml  of  dry  ether  was  added  dropwise 
to  a  Grignard  solution  obtained  from  16  gm  (0.66  mole)  of  magnesium 
turnings  and  95  gm  (0.67  mole)  of  methyl  iodide.  The  mixture  was 
refluxed  for  1  hour  ,  cooled,  and  worked  up  with  cold  saturated  ammonium 
chloride  solution.  Separation  of  the  organic  layer  and  distillation  of  the 
dried  ether  extract  under  reduced  pressure  gave  both  1  ,  3 -dimethyl- 1  - 
indanol  (7.5  gm  ,  1 4%  yield),  m.p.  ,  67-69°,  lit.  m.p.,72°(92),  and  1,3- 
dimethylindene  (colorless  oil,  10  gm  ,  20%  yield)  ,  b.p.  ,  68°/  3  mm, 

7^4  1.5486.  Lit.  b.p.  ,  66°/3  mm  ,  7£^°  1  .  5477  (39).  The  NMR 
spectrum  of  1  , 3 -dimethylindene  ,  shown  in  Fig.  5  ,  is  in  agreement  with 
the  structure  proposed. 

1  , 1 -Dimethylindene  (LXIV)  has  not  been  reported  in  the  literature 
to  our  knowledge.  Its  preparation  is  described  below  and  is  similar  to 
that  of  1 -methylindene .  Lithium  aluminum  hydride  reduction  of  3  ,3 -dimethyl 
1 -indanone  in  a  manner  described  earlier  for  3 -methyl- 1 -indan one  afforded 
3  , 3 -dimethyl- 1  -indanol  in  80%  yield  as  a  colorless  ,  viscous  oil  boiling  at 
107°/4.2  mm;  7^4  ,  1.5340.  Anal.  Calcd.  for  Cj^H^O:  C,  81.44; 

H,  8.70.  Found:  C,  81.75;  H,  8.66.  The  NMR  spectrum,  shown  in 
Fig.  2,  is  consistent  with  the  formulation  of  this  compound  as  3  , 3 -dimethyl- 
1 -indanol.  The  IR  spectrum  (film)  showed  broad  hydroxyl  absorption 
between  3600  and  3100  cm“^. 
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A  mixture  of  3  , 3  -  dimethyl  - 1  -indanol  (2  5  gm  ,  0.155  mole)  and 
10  gm  (0.08  mole)  of  solid  oxalic  acid  dihydrate  was  heated  to  reflux  for 
1  hour.  The  cooled  reaction  mixture  was  extracted  with  Skellysolve  B 
to  remove  the  oil  from  the  solidified  oxalic  acid.  The  dried  extract 
(MgSOq)  was  fractionally  distilled  through  a  short  Vigreux  column  and 
afforded  11  gm  (50%  yield)  of  a  colorless  oil  boiling  at  57°/4.8  mm; 

7 >  1.5379.  Anal,  calcd.  for  C,  91.61;  H,8.39.  Found: 

C,  91.47;  H,  8.20.  The  IR  spectrum  showed  absorption  at  1654  cm"^ 

(C— C).  The  NMR  spectrum  (Fig.  3)  agreed  with  the  proposed  structure 
as  1  , 1 -dime  thy  lindene . 

1  ,1  , 3 -Tr imethylindene,  (LXVT)  was  prepared  quite  readily  from 
3  , 3 -dimethyl- 1 -indanone  according  to  a  published  procedure  (93). 

Grignard  addition  to  50  gm  (0.31  mole)  of  the  ketone  as  described  for 

I 

1  , 3 -dimethylindene  gave  1  , 3  , 3 -trimethyl- 1 -indanol ,  which  partially 
eliminated  water  upon  distillation  under  reduced  pressure.  Addition  of 
10  gm  of  oxalic  acid  dihydrate  and  a  30  minute  reflux  period  completed 
the  dehydration.  Usual  work-up  by  extraction  and  distillation  as  described 

! 

for  the  preparation  of  1  , 1  -dimethylinde  n  e  afforded  1  ,1  ,  3 -trimethylindene  , 

| 

37  gm  (7  5%  yield) .  B.p.,  68°/3.6  mm ;  ,  1.5348.  Lit .  b.p.  ,  52-61°/ 

0.5  mm;  ,  1.5353  (93).  The  NMR  spectrum  is  shown  in  Fig.  6. 

1  -Methylindan  was  obtained  as  a  colorless  oil  by  the  reduction  of  1  7 
gm  of  3 -methy lindene  in  150  ml  of  methyl  alcohol  using  a  platinum  oxide 
catalyst  and  hydrogen  at  an  initial  pressure  of  50  p.s.i.  The  procedure 
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was  similar  to  directions  already  published  (92)  for  the  reduction  of  1,3- 
dimethylindene  .  Yield  14  gm  (81%) .  B  .  p.  ,  9 8°/ 4 3  mm;  ,  1.5266. 

Lit.  b.p.  ,  1  89 . 5°/739  mm;  7^5  ,  1.5241  (  155  ). 

2  ,2'  -Biindanyl  (LXX)  was  prepared  according  to  the  directions  of 
Fichter  and  Stenzl  (99). 

Eighteen  gm  (0.783  mole)  of  sodium  was  dissolved  in  400  ml  of  98% 
ethyl  alcohol.  To  this  solution  was  added  500  ml  of  anhydrous  ether  , 
followed  by  60  gm  (0.37  5  mole)  of  diethyl  malonate.  When  the  mixture 
had  been  stirred  for  1  5- 30  minutes  ,  1 00  gm  (0 .  38  mole)  of  c< ,  «<  1  -dibr omo - 
o-xylene  in  700  ml  of  ether  was  added  in  small  portions  (46).  After 
ebolution  had  subsided  following  the  last  of  the  addition,  the  reaction 
mixture  was  refluxed  for  3  hours.  Evaporation  of  the  ether  and  digestion 
of  the  resulting  mixture  with  60  gm  of  potassium  hydroxide  in  200  ml  of 
methyl  alcohol  for  30  minutes  gave  a  blue -violet  solid  mass.  Water  (400 
ml)  was  added  and  the  alcohol  distilled  off.  The  cooled  reaction  mixture 
was  filtered,  and  any  remaining  solids  were  dissolved  by  the  addition  of 
more  water.  In  order  to  remove  any  organic  side -products  ,  the  aqueous 
solution  was  extracted  with  ether.  The  residual  aqueous  layer  was  then 
acidified  with  concentrated  hydrochloric  acid,  giving  a  light-brown  precipi¬ 
tate,  m.p.  ,  195-196°.  The  reported  m.p.  for  indan-2  , 2 -dicarboxylic 
acid  (XXIV)  is  199°(46). 


The  dicarboxylic  acid  was  heated  to  200°  in  an  oil  bath  till  carbon 
dioxide  evolution  ceased.  The  dark  products  were  dissolved  in  hot  5% 
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sodium  carbonate  solution,  the  solution  filtered  and  acidified  with 
concentrated  hydrochloric  acid.  The  product  ,  after  one  recrystallization 
from  water  ,  gave  30  gm  of  indan -2 -carboxylic  acid  (XXV).  Yield, 49% 

based  on  dibromo  xylene .  M.p.  ,  130-131°;  lit.  m.p.,  130°  (46). 

Twenty  gm  (0.123  mole)  of  indan  -  2 -carboxylic  acid  was  mixed  with 
7  5  ml  of  benzene  and  30  gm  (0.25  mole)  of  thionyl  chloride.  The  mixture 
was  refluxed  for  1  .  5  hours  after  which  time  the  excess  thionyl  chloride 
and  solvent  were  removed  at  the  water-pump,  and  the  residue  distilled. 
Indan-2-carboxylic  acid  chloride  ,  21.8  gm  (98%)  was  obtained  as  a  color¬ 
less  liquid  ,  boiling  at  121°  / 6 . 5  mm .  Lit.  b.p.,  180°/100  mm  (46) . 

Twenty  gm  of  the  acid  chloride  in  60  ml  of  chloroform  was  added 
dropwise  to  a  mixture  of  1  6  ml  of  30%  hydrogen  peroxide  and  37  ml  of 

p 

pyridine,  cooled  in  an  ice  bath.  The  resulting  peroxide  precipitated,  but 
could  be  brought  back  into  solution  by  the  addition  of  50  ml  of  chloroform. 
The  mixture  was  stirred  for  15  minutes  after  addition  was  completed  and, 
in  order  to  remove  all  the  pyridine  and  any  acids, was  washed  twice  with 
33%  sulfuric  acid  (by  weight)  and  then  with  5%  aqueous  sodium  carbonate. 
The  chloroform  solution  was  dried  (Na^SO^)  and  concentrated  to  a  small 
volume.  Addition  of  Skellysolve  B  resulted  in  the  precipitation  of  7 . 5 
gm  (42%)  of  the  peroxide  ,  melting  with  explosive  violence  at  101°.  Lit. 
decomposition  point,  105°  (99). 

Four  gm  of  the  above  peroxide  was  placed  in  a  steel  bomb,  which 
was  then  immersed  in  an  oil  bath  at  200°  .  The  temperature  dropped 
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rapidly  to  120°,  and  was  maintained  at  this  point  for  15  minutes  by  means 
of  a  bunsen  flame.  After  the  bomb  was  cooled  and  the  pressure  released, 
its  brown  contents  was  dissolved  in  ether  ,  filtered,  and  shaken  with  10% 
sodium  hydroxide  solution  to  remove  any  acidic  material.  When  the  ether 
solution  was  dried  and  the  solvent  removed,  an  oily  solid  remained.  This 
gave  a  brown  solid  upon  addition  of  95%  ethyl  alcohol  (0.6  gm,  20%  yield). 
Three  crystallizations  from  ethyl  alcohol  (Norit)  gave  small  white  needles 
of  2  ,2' -biindanyl ,  m.p.  ,  168-170°.  Lit.  m.p.  ,  1  65-  1  66°  (99) . 

Its  NMR  spectrum  (CDCl^)  showed  a  single  aromatic  peak  at  72  = 
2.86,  and  abroad,  poorly  resolwed  multiplet  centered  at  7r=7.18.  The 
integrated  areas  were  in  the  ratio  of  4:5.  The  infrared  spectrum  was 
also  in  agreement  with  the  structure,  while  the  mass  spectrum  showed 
a  parent  peak  at  m/e— 234. 

D .  General  Procedure  for  the  Formation  and  Collection  of  Hydrogen  Gas. 

A  2.50  ml,  round-bottom,  3 -neck  flask  equipped  with  a  magnetic 
stirrer  was  he^ated  with  a  bunsen  flame  to  remove  adhering  moisture. 

After  it  was  allowed  to  cool  (Drierite  tube)  ,  it  was  equipped  with  a  short 
water -condenser  and  a  gas  collecting  apparatus.  To  the  flask  was  added 
100  ml  of  DME  ,  0.10  gram-atom  of  metal  (if  the  metal  was  lithium  it  was 
cut  up  into  small  pieces)  and  0. 10  mole  of  the  hydrocarbon  in  the  order 
specified.  But  in  the  case  of  fluorene  ,  0.10  mole  of  the  hydrocarbon 
was  first  dissolved  in  100  ml  of  solvent  and  the  metal  added  last.  The 
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reaction  mixture  was  refluxed  till  no  more  gas  was  evolved  (from  2  to  22 
hours  ,  see  Table  I,  p.  48).  All  gases  were  collected  by  the  downward 
displacement  of  water.  Small  samples  of  this  gas  were  taken  and  analyzed 
for  molecular  hydrogen  content  by  mass  spectrometry.  Blanks  were  run 
under  identical  conditions  except  that  the  hydrocarbon  was  not  added  to 
the  reaction  flask. 

Isolation  of  2  ,2' -biindanyl  from  the  metalation  reactions 

Following  the  general  procedure  for  metalation  described  above, 
a  mixture  of  0.10  mole  of  indene  ,  0.10  mole  of  finely  divided  lithium  metal 
(Fisher  Scientific  Co.)  and  100  ml  of  DMF  was  heated  to  reflux  for  20  hours 
under  an  atmosphere  of  dry,  purified  nitrogen.  Removal  of  the  unreacted 
metal  indicated  that  93%  of  the  lithium  had  been  consumed.  Decomposition 
of  the  reaction  mixture  with  dilute  hydrochloric  acid,  ether  extraction 
and  distillation,  afforded  a  76%  recovery  of  hydrocarbon,  containing  9% 
of  indan.  From  the  distillation  residue  was  obtained  200-300  mg  of  a  solid 
material,  which  melted  at  171-172°  after  three  crystallizations  from  ethyl 
alcohol.  Elemental  analysis  and  mass  spectral  data  (parent  peak  at  m /er: 
234)  showed  it  to  possess  the  formula  C^gH^g.  This  compound  was  shown 
to  be  2,2'  -biindanyl  by  virtue  of  its  NMR  and  IR  spectra  ,  which  were 
identical  in  all  respects  with  those  of  an  authentic  sample  described  earlier. 
The  NMR  spectrum  (CCI4)  possessed  a  sharp  singlet  at  "£—2.95  and  a 
broad  signal  centered  at  approximately  if— 7.2.  A  mixed  melting  point 

with  an  authentic  specimen  showed  no  depression  of  melting  point. 
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Repetition  of  this  experiment  using  larger  pieces  of  lithium  metal 
(BDH  ,  98%)  led  to  only  48-50%  consumption  of  the  metal  after  24  hours  of 
reflux.  Recovered  by  distillation  was  8.7  gm  (75%)  of  organic  material, 
of  which  23%  was  shown  to  be  indan.  A  very  small  amount  of  the  2-indanyl 
dimer  was  also  obtained.  The  use  of  potassium  metal  led  to  the  formation 
of  17-18%  of  indan,  and  a  73%  product  recovery.  No  2  , 2' -biindanyl  was 
isolated,  tarry  products  making  up  the  distillation  residue. 

E  .  General  Procedure  for  the  Metalation  and  Methylation  of  the  Indenes 

To  a  dried,  3 -neck  250  ml  round-bottom  flask,  equipped  with  a 
magnetic  stirrer  and  a  reflux  condenser,  were  added  100  ml  of  DME  and 
0.10  (or  0.20)  gram -atom  of  metal  (Li  was  cut  into  small  pieces) .  The 
redistilled  indene  (11.6  g,  0.10  mole)  was  added  at  once  to  the  mixture, 
protected  by  an  atmosphere  of  purified,  dry  nitrogen.  The  mixture  was 
refluxed  for  a  specific  length  of  time  (see  Tables  II,  p.  56,  VII  -^IX  ,  p.86- 
8  9  )  >  then  cooled  in  an  ice-water  bath.  Any  unreacted  metal  was  removed 
mechanically  as  completely  as  possible  and  weighed.  To  the  cold  residual 
solution,  now  at  0-5°,  was  added  dropwise  over  a  period  of  30-45  minutes 
an  excess  (approximately  1.5  equivalents)  of  methyl  iodide.  After  the 
addition  was  completed,  the  reaction  mixture  was  stirred  for  30  minutes  at 
room  temperature  ,  then  decomposed  with  excess  dilute  aqueous  hydrochloric 
acid.  The  mixture  was  then  extracted  twice  with  ether  (total  volume  —400 
ml)  ,  the  ether  extract  dried  (MgSO^)  ,  filtered  and  freed  from  solvent.  The 
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remaining  dark  oil  was  then  analyzed  by  GLC. 

F .  Analysis  of  Indenes  on  GLC  Columns 

The  following  2.5  m  columns  were  utilized  for  all  GLC  analyses: 
Silicone  rubber  ,  25%  by  weight  on  Gas-Chrom  P  (60-80  mesh).  This 
column  separated  the  following  groups  of  compounds  from  each  other  but 
failed  to  separate  the  individuals  of  each  group  where  mixtures  are  indicated, 
(a)  indan  and  indene  ,  (b)  1 -methylindene ;  1  , 1  -dimethylindene  and  1 -methyl¬ 
indan  ,  (c)  3 -methylindene  ,  (d)  1  ,  3 -dimethylindene  and  1  ,1  , 3 -tr imethylindene  . 
N  e  op  entylglycol  succinate  ,  2  5%  by  weight  on  Gas  -Chrom  P  (60-80  mesh) . 
This  column  separated  the  following  groups  from  each  other  but  not  the 
individual  members  of  each  group.  (a)  indan,  (b)  1  , 1 -dimethylindene  and 
1 -methylindan  ,  (c)  indene  and  1 -methylindene  ,  (d)  1  ,1  , 3 -tr imethylindene  , 

(e)  3 -methylindene  and  1  , 3 -dimethylindene . 

Apiezon  L  ,  25%  by  weight  on  Gas-Chrom  P  (60-80  mesh).  This  column 
separated  the  following  groups  from  each  other  but  not  the  individuals 
contained  in  each  group.  (a)  indan  and  indene,  (b)  1  , 1 -dimethylindene  , 

(c)  1 -methylindene  and  1 -methylindan  ,  (d)  1  ,1  , 3 -tr  imethylindene  and  3- 
methylindene  ,  (e)  1  , 3 -dimethylindene . 

Use  of  the  internal  standard  for  the  measurement  of  total  per  cent 
recovery 

In  order  to  determine  the  exact  total  per  cent  recovery  in  the 
alkylation  reactions  ,  it  was  found  necessary  to  make  use  of  an  internal 


.  quo  Ho  j  f ;  • 
i  *  r  bi.  i’ 

i  >. 


-  176  - 


standard,  (S).  After  reaction  work-up  and  removal  of  most  of  the  solvent, 

a  carefully  weighed  amount  of  tert-butylbenzene  was  introduced  into  the 

reaction  flask.  From  the  GLC  chromatograms  there  were  thus  obtained 

the  ratios  of  the  peak  area  of  the  internal  standard  to  that  of  each  of  the 

products  ,  A  ,  B  ,  etc .  ;  i.e.  Peak  area  of  S  ,  Peak  area  of  S  ,  etc . 

Peak  area  of  A  Peak  area  of  B 

By  preparing  and  analyzing  an  authentic  mixture  of  nearly  the  same  com¬ 
position  as  the  product  mixture  above  ,  the  exact  weight  ratios  Wt.  of  S  , 

Wt.  of  A 


Wt.  of  S  ,  etc.  and  the  corresponding  area  ratios  Peak  area  of  S  , 

Wt.  of  B  Peak  area  of  A 

Peak  area  of  S  ,  etc.  could  be  calculated  and  measured.  By  making  use 
Peak  area  of  B 

of  the  simple  relationship, 


Wt.  of  S 

Wt.  of  A 

Wt.  of  S 

Wt.  of  A 

experimental 
product  mixture 

Peak  area  of  S 

authentic 

mixture 

Peak  area  of  S 

Peak  area  of  A 

Peak  area  of  A 

the  weight  of  compound  A,  and  hence  its  actual  percentage  in  the  experi¬ 
mental  product  mixture  could  be  calculated,  since  all  the  other  factors  in 
the  equation  were  known.  The  fact  that  the  various  products  could  not 
always  be  separated  on  one  particular  column  obviously  necessitated  the 
above  analysis  to  be  carried  out  on  three  different  columns. 


G .  The  Stability  of  the  Monomethylindenes 

i 

( 1 )  1  -  Methylindene 

(i)  Thermal  isomerization 
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Two  gm  of  1  -methylindene  in  10  ml  of  anhydrous  DME  was 
refluxed  for  a  total  of  24  hours.  Periodic  analyses  of  the  mixture 
on  a  neopentylglycol  succinate  column  revealed  no  change  in  the 
starting  material. 

Two  gm  of  1 -methylindene  was  refluxed  in  a  10  ml  pear- 
shaped  flask.  Samples  were  withdrawn  periodically  for  analysis 
on  a  i  neopentylglycol  succinate  column.  The  results  are  recorded 
in  Table  III,  p.  63. 

(ii)  Base  -  catalyzed  isomerization 

Small  quantities  (approximately  0.3  ml)  of  1 -methylindene  , 
each  in  1  ml  of  DME  ,  were  treated  with  a  number  of  bases  under 
varying  conditions.  The  experimental  conditions  and  results  are 
listed  in  Table  V,  p.  68.  The  analyses  were  again  performed 
on  a  neopentylglycol  succinate  column. 

I 

(iii)  Acid-catalysis 

A  quantity  of  1  -methylindene  (1.5  gm)  in  a  mixture  of  5  ml 
of  DME  and  3  ml  of  6N  hydrochloric  acid  was  heated  to  reflux  for 
1.  5  hours  with  efficient  stirring  to  promote  mixing  of  the  two  layers. 
After  the  reaction  mixture  was  cooled  and  diluted  with  a  small 
amount  of  ether,  analysis  of  the  or  ange  -  color  ed  organic  layer  by 
GLC  indicated  no  isomerization  to  3 -methylindene . 

( 2)  3  -Methylindene 

* 

(i)  Thermal  isomerization 
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Five  gm  of  3 -methylindene  was  refluxed  in  a  small  pear- 
shaped  flask  for  up  to  7  hours.  Small  samples  were  withdrawn 
periodically  and  analyzed  by  GLC  on  a  silicone  rubber  column. 

The  results  have  been  recorded  in  Table  IV,  p.  65. 

(ii)  Isomerization  in  the  presence  of  base. 

Approximately  0.5  ml  of  3 -methylindene  in  1  ml  of  DME  was 
shaken  with  a  small  piece  of  potassium  metal  at  room  temperature 
for  up  to  5  minutes.  The  solution  turned  black  in  color.  The 
unreacted  metal  was  removed  mechanically  ,  a  few  drops  of  dilute 
hydrochloric  acid  added  to  the  residue  ,  and  the  organic  layer 
analyzed  by  GLC  on  a  silicone  rubber  column.  No  1 -methylindene 
was  detectable  ,  the  only  other  product  present  in  addition  to  starting 
material  was  1 -methylindan . 

A  repetition  of  the  experiment,  using  two  drops  of  methanolic 
sodium  hydroxide  (from  3  pellets  sodium  hydroxide  in  1 0  ml  of 
methyl  alcohol)  as  the  base  and  stirring  at  room  temperature  for 
30  minutes  also  showed  only  3 -methylindene  to  be  present.  The 
use  of  tert-butylbenzene  as  an  internal  standard  indicated  that  97% 
of  the  starting  material  could  be  accounted  for  at  the  end  of  the 
reaction.  Losses  and  polymerization  are  therefore  virtually 
excluded. 

Consumption  of  Excess  Metal.  Possible  Basic  Sources  Leading 

to  Poly  alkylation . 


.  jx  "V  n  tlqr  i  i  ,n 


qn  ■  I  mooi  i»  V  '  '  '  d  91  f  fl  (  oolb  iyciJen 


,r  •  ’  .  4  '  ■  ri  1  rfly  1  .■> 


-179- 


Indene  (11.6  gm  ,  0.10  mole)  and  pot  as  slum  (7.8  gm  ,  0.20  mole)  in 
100  ml  of  DME  were  heated  at  reflux  for  49  hours  under  a  protective 
nitrogen  atmosphere.  From  the  cooled  reaction  mixture,  1.90  gm  of 
metal  was  recovered.  Thus  76%  (i.e.  2.6  gm  or  79%  excess)  of  the 
potassium  had  been  consumed.  Decomposition  with  water  and  dilute 
hydrochloric  acid  occurred  smoothly,  with  no  violent  reaction  taking  place 
and  with  the  formation  of  very  little  hydrogen  gas  (~30  ml)  ,  indicating 
the  presence  of  little  or  no  free  metal  in  the  solution.  Ether  extraction, 
drying  (MgSO^)  and  GLC  analysis  showed  the  product  to  be  17%  indan  and 
83%  indene . 

In  order  to  determine  whether  potassium  associates  with  indan, 

5.9  gm  (0.05  mole)  of  indan  and  1.95  gm  (0.05  mole)  of  potassium  metal 
in  50  ml  of  DME  were  refluxed  for  46  hours  under  an  inert  nitrogen 
atmosphere.  From  the  cooled  solution,  1.80  gm  (92-93%)  of  the  metal 
could  be  recovered. 

In  or  der  to  deter  mine  whether  potassium  reacts  or  associates  with 
potas siumindenyl  ,  the  following  experiment  was  carried  out;  Indene  (11.6 
gm  ,  0.10  mole)  and  3.91  gm  (0.10  mole)  of  potassium  in  100  ml  of  dry  , 
purified  dioxan  were  refluxed  for  2  hours  ,  under  a  nitrogen  atmosphere. 

The  cooled  solution  was  transferred  to  a  dry-box,  and  poured  into  250  ml 
of  dry  pentane,  where  upon  the  black  indenylpotas sium  salt  precipitated. 

The  solvents  were  decanted,  the  salt  washed  several  times  with  dry  pentane 
by  decantation,  and  finally  filtered  by  gravity.  The  isolated  salt  was 


e  »w  m 

i'  •  a.- ,  u  i  o  {  doer  60.0)  rrrg  i  .? 

'  ’  .  •'  JXiii  til  »  '  •<  r  '  ■  ’*»  *  i  ’  <1 

- 

; !  >»  q  Ji  »«  i  i  3S£>Jo<  .  •  -ii  .f  adJ  noqu  9*i  -  4w  ,  an^  .isq  yi  >  1© 

■ 

.  /Jw.  yd  yltenil  bnjs  .no,  yd 


180 


placed  in  a  dry,  clean  round-bottom  flask,  to  which  100  ml  of  DME  and 
3.91  gm  of  potassium  were  added.  Removal  of  small  quantities  of 
pentane  by  distillation  was  followed  by  a  36  hour  reflux  period.  At  the 
end  of  this  period,  only  2.0  gm  of  metal  could  be  recovered,  an  additional 
1.9  gm  having  been  consumed.  Addition  of  water  produced  very  little 
hydrogen  gas.  Indan  could  not  be  detected. 

In  order  to  determine  whether  potassium  metal  reacted  with  the 
solvent,  three  mixtures  each  containing  3.91  gm  of  the  metal  in  100  ml 
of  DME  were  heated  to  reflux  under  a  nitrogen  atmosphere  for  3  ,  16.5  and 
36  hours.  After  each  experiment  the  metal  was  filtered  off  in  a  dry-box, 
and  the  filtrate  transferred  to  a  second  dried  flask.  Five  gm  of  dry,  dis¬ 
tilled  indene  was  added  to,  this  filtrate  ,  and  the  mixture  refluxed  for  1  hour. 
To  the  cooled,  black  solution,  10-12  gm  of  methyl  iodide  was  added,  and 
the  mixture  stirred  at  room  temperature  for  30  minutes.  Work-up  as 
described  in  other  alkylation  reactions  (p.  174)  showed  that  the  products 
consisted  of  2%  1 -methylindene  and  98%  indene. 

After  16.5  hours  of  refluxing  the  original  metal-containing  solution, 
a  small  amount  of  sludge  had  formed,  which  was  filtered  off  along  with  the 
unreacted  metal.  A  considerable  amount  of  this  sludge  was  present  after 
36  hours  of  reflux,  and  was  shown  to  be  strongly  alkaline  to  pH  indicator 
paper.  Careful  decomposition  of  this  sludge  ,  freed  of  metal  as  much  as 
possible,  with  moist  ether  and  water  and  GLC  analysis  of  the  resulting 
mixture  on  a  neopentylglycol  succinate  column  (p.l75for  column  details), 
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indicated  the  presence  of  twopeaks  in  addition  to  those  of  ether  ,  DME  and 
water.  The  retention  time  of  the  lower -boiling  component  was  nearly 
the  same  as  that  of  methyl  alcohol.  The  second  unknown,  having  a  longer 
retention  time,  was  not  identified,  but  by  comparative  retention  times  did 
not  seem  to  be  methyl  cellosolve  (CH^OCH^CH^OH) . 

As  a  further  experiment,  a  mixture  of  3.91  gm  of  potassium  in  100 
ml  of  DME  was  refluxed  for  17  hours  ,  after  which  time  the  bulk  of  the 
unreacted  metal  was  removed  from  the  cooled  solution.  In  addition  to 
a  number  of  small  particles  of  metal  remaining  in  the  solution,  the  form¬ 
ation  of  some  sludge  was  noted.  Five  gm  of  indene  was  added  to  this 
residual  solution,  the  mixture  refluxed  for  1  hour,  cooled,  and  alkylated 
with  excess  methyl  iodide  (12-15  gm).  The  alkylated  reaction  mixture 
was  stirred  at  room  temperature  for  30  minutes  and  worked  up  as  before 
(p.174).  Analysis  by  GLC  of  the  remaining  oil  gave  the  following  results: 

3-4 %  indan;  62%  indene;  4%  1 -methylindene ;  31%  3 -methylindene  .  From 
the  amount  of  indan  produced  via  equation  (£)  ,  p.  57  ,  about  15-20%  of  the 
methylindenes  formed  could  be  attributed  to  unremoved  metal.  Thus 

i 

approximately  half  (15-20%)  of  the  alkylated  indene  must  have  arisen  from 
another  source  of  strong  base. 

In  a  similar  experiment,  0.70  gm  (0.10  mole)  of  lithium  was  refluxed 
in  100  mi  of  DME  for  21  hours.  Removal  of  the  metal,  alkylation  as 
described  above,  and  GLC  analysis  indicated  the  absence  of  methyl¬ 


indenes  . 
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I.  Experimental  Work  Concerned  with  the  Preparation  of  Methylated 

A  cenaphthene  s 

1  - Acenaphthenone  (XLIII)  was  prepared  according  to  the  following 
two  procedures: 

1.  Following  the  directions  in  Organic  Syntheses  (63)  ,  154  gm  (1  mole) 

of  acenaphthene  (95%,  practical  grade)  and  1.1  1  of  glacial  acetic  acid  were 
placed  in  a  2-1  round-bottomed  flask.  The  flask  was  fitted  with  an 
efficient  stirrer  and  a  thermometer  extending  below  the  surface  of  the 
liquid.  The  solution  was  stirred  and  heated  to  60°,  at  which  point  the 
source  of  heat  was  removed,  and  820  gm  (1.2  moles)  of  red  lead  (assay 
85-90%)  was  added  in  portions  of  about  50  gm  ,  each  portion  being  added 
as  soon  as  the  color  due  to  the  previous  portion  had  been  discharged. 
During  this  operation,  which  required  30-40  minutes  ,  the  temperature  was 
maintained  at  60-70°  by  external  cooling.  The  reaction  was  complete 
when  a  portion  of  the  solution  gave  no  test  for  lead  tetraacetate  with 
moist  starch-iodide  paper.  The  dark-red  syrupy  solution  was  poured 
into  2  1  of  water  contained  in  a  large  separatory  funnel.  The  acetate  was 
extracted  first  with  a  350-ml  portion  of  ether  and  then  with  a  250-ml 
portion  of  the  same  solvent.  The  combined  ether  extract  was  washed  with 
100  ml  of  water  ,  then  with  300  ml  of  saturated  sodium  chloride  solution, 
and  finally  dried  over  anhydrous  sodium  sulfate.  The  sodium  sulfate 
was  removed  by  filtration  and  the  solid  cake  washed  until  colorless  with 
three  50-ml  portions  of  dry  ether.  The  combined  filtrate  and  washings 
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were  subjected  to  distillation.  1  - Acenaphthenyl  acetate  distilled  as  a 
mobile  ,  yellow  oil .  B.p.  ,  155-160°/  3. 2  mm.  Lit.  b.p.  ,  166-168°/ 5  mm 
(63).  Yield:  166gm(78%). 

The  acetate  obtained  as  above  was  dissolved  in  275  ml  of  methyl 
alcohol  in  a  2-1  r ound-bottome d  flask,  and  a  solution  of  40  gm  (1.2  equiv.) 
of  sodium  hydroxide  in  400  ml  of  water  was  added.  This  mixture  was 
refluxed  for  2  hours  and  then  cooled  below  20°.  The  yellow  crystalline 
1  -acenaphthenol  was  collected  on  a  filter  and  washed  well  with  about  1.5  1 
of  water.  The  crude  product  was  air-dried  (125  gm  ,  94%)  and  dissolved 
in  nearly  2  1  of  boiling  benzene.  The  solution  was  treated  with  6-8  gm 
of  decolorizing  carbon  and  filtered  through  a  heated  funnel.  The  filtrate 
was  concentrated  to  about  1  1,  and  the  acenaphthenol  allowed  to  crystallize. 
The  crystals  were  separated  by  suction  filtration,  washed  with  cold 
benzene  until  the  wash  solvent  was  colorless  and  when  dried,  afforded  110 
gm  of  1 -acenaphthenol  as  pale  yellow-white  needles,  melting  at  147.5-148.5°. 
Lit.  m.p.  ,  144.5-145.5°,  and  146- 148°  (63) . 

Following  the  oxidation  procedure  of  Fieser  and  Cason  (63),  a 
suspension  of  109  gm  (0.64  mole)  of  1 -acenaphthenol  in  325  ml  of  glacial 
acetic  acid  was  stirred  mechanically  and  treated  with  a  solution  prepared 
by  dissolving  47  gm  (0.47  mole)  of  chromic  anhydride  in  the  minimum 
amount  of  water  and  diluting  the  product  with  250  ml  of  acetic  acid.  The 
chromic  acid  solution  was  added  over  a  period  of  50-60  minutes  ,  while  a 
reaction  temperature  of  28-32°  was  maintained  by  external  cooling.  The 
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acenaphthenol  dissolved  with  the  production  of  a  green  solution  and,  after 
having  been  stirred  for  an  additional  hour  at  the  s  ame  temperature  ,  this 
mixture  was  poured  into  6  liters  of  ice -water.  The  precipitated  ketone 
was  collected  on  a  large  Bllchher  funnel  and  washed  well  with  water.  Since 
purification  by  steam  distillation  was  cumbersome  ,  requiring  approximately 
40  1  of  distillate,  the  crude  ketone  was  purified  in  the  following  manner, 
i^ifty-gram  quantities  of  the  crude  product  were  each  dissolved  in  500  ml  of 
benzene,  and  the  resulting  solutions  each  shaken  with  400  ml  of  ice-cold, 
0.5N  sodium  hydroxide,  and  then  300  ml  of  cold,  IN  hydrochloric  acid. 
Drying  (MgSOq)  of  the  combined  benzene  layers  from  two  such  quantities 
and  removal  of  the  benzene  solvent  left  78  gm  of  a  solid  which,  after  two 
crystallizations  from  95%  ethyl  alcohol  and  one  re  cry  stallization  from 
the  mixed  solvent  benzene -S  Jcelly solve  B  (1:4),  melted  at  119-121  .  Lit. 
m.  p.  for  1  -acenaphthenone  ,  121-121. 5°(63)  and  121-123°(156).  The  final 
yield  of  pure  ketone  was  59  gm  (55%). 

2.  By  a  method  similar  to  that  of  Wenham  and  Whitehurst  (69), 130  gm 

(1.09  moles)  of  thionyl  chloride  was  added  in  portions  to  a  solution  of  100 
gm  (0.54  mole)  of  1  •maphthaleneacetic  acid  (Eastman  Kodak  Co.)  in  300 
ml  of  benzene.  The  mixture  was  stirred  under  reflux  for  3  hours,  the 
excess  thionyl  chloride  and  benzene  removed  by  distillation,  and  the 
residual  oil  distilled  under  reduced  pressure.  A  nearly  quantitative  yield 


of  1 -naphthaleneacetyl  chloride  was  obtained  as  a  yellow  oil,  boiling  at 
149-15073.4  mm.  Lit.  b.p. ,188723  mm  (153). 
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A  solution  of  59  gm  (0.29  mole)  of  the  acid  chloride  in  60  ml  of 
carbon  disulfide  was  added  drop  wise  during  approximately  30-40  minutes 
to  a  stirred  suspension  of  56  gm  (0.42  mole)  of  anhydrous  powdered 
aluminum  chloride  in  175  ml  of  carbon  disulfide  at  room  temperature. 

The  mixture  was  stirred  overnight  (12  hours)  ,  the  resulting  green 
material  then  poured  into  ice -water  ,  and  the  solid  ketone  along  with 
aluminum  salts  separated  by  suction  filtration.  All  the  carbon  disulfide 
was  removed  from  the  filtrate  at  the  water -aspirator  ,  and  any  additional 
ketone  so  obtained  was  collected  on  a  BUchner  funnel.  Approximately 
750  ml  of  a  hot  solution  of  benzene  and  Skellysolve  B  (1:4)  was  used  to 
extract  the  dried  solid  material  (53  gm)  ,  the  solution  filtered,  and  the 
filtrate  chilled.  1 -Acenaphthenone  (41  gm  ,  84%  yield)  was  deposited, 
the  air -dried  material  melting  at  119-121°.  A  small  sample,  after 
having  been  steam  distilled  and  recrystallized  from  benzene -Skellysolve 
B  (1:4)  melted  at  121-123°. 

In  an  attempt  to  prepare  2 -methyl- 1  -acenaphthenone  (LXXVIII) 
from  1  -acenaphthenone, by  general  procedures  (110), a  solution  of  10  gm 
(0.06  mole)  of  1 -acenaphthenone  ,  7.1  gm  (0.072  mole)  of  cyclohexylamine  , 
and  100  mg  of  p-toluene  sulfonic  acid  in  30  ml  of  benzene  was  warmed 
and  refluxed  for  3  hours  ,  in  an  apparatus  equipped  with  a  water  separator 
(111).  During  the  reflux  period,  a  yellow  solid  precipitated  from  the 
solution.  The  solution  was  cooled  and  the  solid  removed  by  filtration, 
washed  with  cold  benzene  ,  and  recrystallized  three  times  from  benzene. 
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When  dried  in  an  Abderh^lden  drying  pistol  for  3  hours  at  75°  and  0.3  mm 
pressure,  it  afforded  4.5  gm  of  small  yellow  needles  ,  melting  at  269-270° 
(decomp.  ,  sealed  tube).  A  .hjfclo-nujol  mull  showed  absorptions  at  1688 
cm  1  (C~ O)  and  1620  cm~*  (small  shoulder, C^C)  ,  while  elemental  analysis 
indicated  the  absence  of  nitrogen  in  the  molecule.  Lit.  m.p.  for  biacenone 
(LXXIX)  ,  262°corr.  (45b).  Anal.  Calcd.  for  C^H^O:  C,  90.54;  H, 

4.43.  Found:  C,  90.42;  H,  4.46. 

Repetition  of  the  above  experiment  without  the  use  of  p-toluene- 
sulfonic  acid  catalyst  produced  identical  results. 

Dropwise  addition  of  the  amine  to  a  refluxing  solution  of  the  ketone 
in  benzene  solution,  afforded  a  nearly  quantitative  yield  of  the  yellow  solid- 
Dropwise  addition  of  a  benzene  solution  of  the  ketone  to  a  refluxing 
solution  of  the  amine  in  benzene  resulted  in  the  formation  of  a  small 
amount  of  biacenone  ,  with  approximately  70%  of  the  starting  material 
being  recovered.  The  presence  of  200  mg  of  acid  catalyst  afforded  a  40% 
yield  of  biacenone  ,  in  addition  to  a  polymeric  residue. 

2  -Methyl- 1  -acenaphthenone  could  be  prepared  from  1 -naphthalene  - 
acetic  acid  in  the  manner  described  for  1 -acenaphthenone  (p.  184).  A 
solution  of  1 -naphthaleneacetic  acid  (400  gm  ,  2.15  moles)  in  950  ml  of  98% 
ethyl  alcohol  and  100  ml  of  concentrated  sulfuric  acid  was  refluxed  for  2 
hours.  The  cooled  mixture  was  poured  into  1  1  of  water  ,  and  extracted 
twice  with  ether.  The  ether  layer  was  washed  with  5% .sodium  bicarbonate 
solution  ui\til  no  more  starting  material  could  be  recovered  upon  acidification 
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of  the  alkaline  extracts.  The  ethereal  solution  was  dried  (MgSO^)  and 
subsequently  distilled  under  vacuum.  Ethyl  1 -naphthaleneacetate  was 
obtained  as  a  clear  liquid,  boiling  at  139-141°/2.1  mm.  Lit.  b.p.  ,  134-141° 
/0.8  mm  (113).  The  yield  was  428  gm  (98%,  allowing  for  20  gm  of 
recovered  starting  material). 

Although  Julia  (113)  previously  had  methylated  the  above  ester 
using  potassium  tert -but oxide  as  the  base,  in  our  hands  the  use  of  sodium 
hydride  (157)  was  found  to  give  better  results. 

In  a  flame-dried,  3 -neck  flask,  fitted  with  a  magnetic  stirrer  , 
condenser,  and  thermometer  for  measuring  the  internal  temperature  ,  were 
placed  130  gm  (0.61  mole)  of  the  ester  ,  800  ml  of  dry  benzene  ,  and  140  gm 
(1  mole)  of  methyl  iodide.  An  Erlenmeyer  flask,  attached  to  one  neck  of 
the  reaction  vessel  by  means  of  a  short  piece  of  wide  Tygon  tubing, 
contained  46  gm  (1  mole)  of  a  52%  sodium  hydride  dispersion  in  paraffin 
oil  (Metal  Hydrides  Inc.).  The  hydride  was  added  to  the  reaction  mixture 
in  small  portions  during  1.5  hours  ,  the  temperature  being  maintained  at 
20-25°by  external  cooling.  After  the  addition  was  completed,  stir  ring  was 
continued  for  1.5  hours  at  room  temperature  ,  followed  by  an  18-hour 
reflux  period.  The  reaction  mixture  was  cooled,  carefully  decomposed 
with  200  ml  of  glacial  acetic  acid  and  then  with  500  ml  of  water  ,  and  then 
extracted  twice  with  ether.  This  benzene -ether  extract  was  washed  with  water 
and  bicarbonate  solution  until  free  from  acetic  acid,  dried  (MgSO^)  and 
distilled.  The  yield  of  ethyl  oC-(l  -naphthyl) propionate  was  130  gm  (94%), 
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isolated  as  a  clear  ,  slightly  colored  liquid.  B.  p.  ,  1  36- 1 38°/ 1 . 8  mm. 

Lit.  b.p.  ,  144-148°/ 0. 8  mm  (113). 

A  solution  of  ethyl  c« -( 1  -naphthyl)pr opionate  (430  gm,  1.89  moles) 
and  100  gm  (2.5  moles)  of  sodium  hydroxide  in  750  ml  of  water  was  refluxed 
for  4  hours.  The  clear  homogeneous  solution  was  cooled,  extracted  with 
ether  to  remove  unreacted  ester  ,  and  the  aqueous  portion  acidified  with 
hydrochloric  acid.  The  nearly  white  solid  was  collected  by  suction 
filtration,  and  recrystallized  from  aqueous  ethyl  alcohol.  The  resulting 
white  crystals  of  c*-(  1  -naphthyl)propionic  acid  (334  gm  ,  91%  yield) 
melted  at  152-153°.  Lit.  m.p.  ,  148-149°  (158). 

A  solution  of  the  naphthylpr opionic  acid  (163  gm)  and  150  gm  of 
thionyl  chloride  in  450  ml  of  benzene  was  refluxed  for  3  hours.  The  solvent 
and  excess  thionyl  chloride  were  removed,  and  the  c< ~( 1  -naphthyl)pr opionyl 
chloride  used  directly  for  the  following  cyclization  step. 

The  acid  chloride  (approximately  350  gm  ,  1.6  moles),  obtained 
from  two  batches  of  163  gm  of  c<-(  1  -naphthyl)pr opionic  acid  above,  was 
dissolved  in  300  ml  of  carbon  disulfide  ,  and  the  resulting  solution  added 
dropwise  at  room  temperature  over  a  period  of  2  hours  to  a  well-stirred 
mixture  of  325  gm  (2.4  moles)  of  granular  aluminum  chloride  (BDH)  in 
1  1  of  carbon  disulfide.  The  mixture,  which  turned  dark-green  and  then 
black,  was  stirred  overnight,  and  then  decomposed  with  ice  and  water. 

The  resulting  dark  and  sticky  organic  fraction  could  not  be  successfully 
distilled  under  reduced  pressure  ,  and  therefore  was  steam  distilled.  A 


flC  l  *  t '  i  J  I  :)•  •»  i  1~-'  *‘3  ’ 

;  ijjios  ■  •».  /j  I  -  i '  bt?:'  )6'  •  -  >n79".  <  •  '*-ly 

•  i  -  )  ■ 


,  •  b  5  1  .‘i ■>  l\  ■  •'  -•  • 


•0*0  i  ;;  I  •■■i  od-»fi*>  •  >  irtt  00  ,  n:  b-  vlo 


-  189  - 


yellow  oil  distilled  over  very  slowly  (approximately  5  gm  per  3  1  of 
distillate).  An  ether  extract  of  this  oil  was  dried  (MgSO^)  and  distilled, 
affording  2 -methyl- 1  -acenaphthenone  as  a  nearly  colorless  oil  (137.5  gm  , 

47%  yield)  ,  boiling  at  152-153*74.3  mm,  ,  1.6385  .  (The  main 

cause  of  the  low  yield  and  the  difficult  work-up  is  believed  to  be  due  to 
the  coarse  ,  granular  aluminum  chloride  used.  Pure  ,  powdered  reagent 
should  afford  much  better  results). 

When  chilled, xthe  oil  solidified  and,  after  one  crystallization  from 
a  little  ethyl  alcohol  followed  by  two  re  crystallizations  from  a  mixture  of 
benzene  and  Skellysolve  B  (1:4),  colorless  crystals  were  obtained.  M.p.  , 
33-34°.  Anal.  Calcd.  for  C13H10O:  C,  85.69;  H,  5.53.  Found: 

C,  85.82;  H,  5.60. 

The  infrared  spectrum  (CCl^)  showed  carbonyl  absorption  at  1715 
cm" *  ,  while  in  the  NMR  spectrum  (CCI4)  a  quartet  at  ^=6.45  (J-7.5  cps) 
and  a  doublet  at  U—  8.51  (Jzz.7.5  cps)  were  present  (area  ratio  of  1:3), 
in  addition  to  six  aromatic  protons. 

2 -Methyl- 1 -acenaphthenone  oxime,  m.p.,  126-140°.  Anal.  Calcd. 
for  C13HnNO:  C,  79.16;  H,5.62;  N,  7.10.  Found:  C,  79.17;  H, 

5.92;  N,  7.25.  The  NMR  spectrum  (Fig.  7)  showed  it  to  be  a  nearly  50:50 
mixture  of  isomer  s  :  hydroxyl-doublets  at  T  —  1.42  (J  —  1  cps),  1.52  (J  =  l 
cps);  overlapping  methynyl-quartets  centered  at  5. 6?/  (J~7  cps);  two 
overlapping  methyl-doublets  at  8.32  If  (J  — 7  cps).  The  IR  spectrum  (CCI4) 
showedfree  and  bonded  hydroxyl  absorption  (3600  and  3265  cm  ^  respectively)  , 
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and  C~N  absorption  at  1620  cm~^. 

2  ,2 -Dimethyl  - 1  -acenaphthenone  (LXXX)  was  prepared  by  the 
exhaustive  methylation  of  1 -acenaphthenone  ,  following  the  alkylation 
procedure  for  ethyl  <X-(  1  -naphthyl)pr opionate  ,  described  on  p.  187. 

Fifty  gm  (0.3  mole)  of  1 -acenaphthenone  in  a  mixture  of  400  ml 
of  dry  benzene  and  110  gm  (0.75  mole)  of  methyl  iodide,  was  treated  with 
44  gm  (0.91  mole)  of  sodium  hydride  dispersion  (49%)  at  20-25  during  2 
hours.  The  mixture  was  stirred  at  room  temperature  for  1.5  hours,  and 
at  reflux  temperature  for  another  2  hours.  Decomposition  and  work-up  as 
described  earlier  (p.  187),  followed  by  distillation  under  reduced  pressure 
gave  a  dark-yellow  oil,  boiling  at  1  06  - 1 06 . 5°/0 . 6  mm.  The  oil  was 
remethylated  with  30  gm  of  methyl  iodide  and  10  gm  of  hydride  dispersion 
in  250  ml  of  benzene  as  before.  After  work-up  and  complete  removal  of 
the  benzene  and  ether  solvents  ,  the  oil  solidified  and  was  crystallized 
from  95%  ethyl  alcohol,  affording  48  gm  (82%)  of  the  dimethyl  ketone.  An 
analytical  sample  was  prepared  following  steam  distillation  and  four 
recrystallizations  from  ethyl  alcohol.  Small,  colorless  plates  were 
obtained,  m.p.  ,  72-73°.  Anal.  Calcd.  for  C,  85.68;  H,  6.17; 

Found:  C,  85.52;  H,  6.09. 

The  NMR  spectrum  (CDCl^)  exhibited  aromatic  protons  and  a  sharp 
singlet  (  T  —  8. 5  5)  in  the  ratio  1:1.  A  strong  band  at  1718  cm  *  in  the 
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infrared  (CCl^)  indicated  the  presence  of  a  carbonyl  group. 

The  ketone  was  further  characterized  as  its  oxime  ,  2  ,2-dimethyl- 
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1  -acenaphthenone  oxime  ,  m.  p.  ,  130-141°.  Anal.  Calcd.  for  C^Hj  3NO: 

C,  79.59;  H,  6.20;  N,  6.63.  Found:  C,  79.15;  H,  6.20;  N,  6.33. 

The  NMR  spectrum  (Fig.  8)  showed  hydroxyl-doublets  at  'Z'  — 1.38 
( J  —  1  cps)  ,  1 . 50  ( J  —1  cps)  ,  and  two  methyl- singlets  at  ^=8.15  and  8. 37 
in  a  16:84  ratio  respectively,  indicating  the  presence  of  two  oximo  isomers. 
The  infrared  spectrum  (CCI4)  possessed  absorptions  at  3595,  3270  (free 
and  bonded  hydroxyl)  ,  and  1618  cm“^  (C=N). 

1  -Methylacenaphthene  (LXXXII)  was  prepared  by  either  of  the  follow¬ 
ing  two  methods. 

(1)  Following  the  procedure  used  by  Brown  and  Hammick  (114)  as 
well  as  by  Lozac'h  and  Mollier  (159)  ,  a  solution  of  50  gm  (0.3  mole)  of 
1 -acenaphthenone  in  600  ml  of  benzene  was  added  dropwise  ,  during  2-2.5 
hours  ,  to  a  Grignard  reagent  prepared  from  magnesium  (11  gm  ,  0.45  mole) 
and  methyl  iodide  (75  gm  ,  0.53  mole)  in  200  ml  of  ether.  The  reaction 
mixture  was  stirred  at  room  temperature  for  1  hour  ,  and  decomposed  with 
ice  and  saturated  ammonium  chloride  solution,  as  well  as  with  dilute 
hydrochloric  acid.  The  organic  layer  was  washed  with  water  ,  dried  (MgSO^) 
and  concentrated  to  a  small  volume.  To  this  residual  oil,  500  ml  of  ethyl 
alcohol  was  added  ,  of  which  200  ml  was  removed  by  distillation  in  order 
to  eliminate  all  of  the  benzene.  On  addition  of  a  solution  of  75  gm  of 
picric  acid  in  1600  ml  of  ethyl  alcohol  the  picrate  of  1 -methylacenaphthylene 
separated  as  a  mass  of  orange-red  needles.  Recrystallization  from  alcohol 
gave  65  gm  of  orange-red  needles,  melting  at  187-188°.  Lit.  m.p.  ,  178- 
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179°  (114).  Decomposition  of  the  picrate  with  excess  sodium  hydroxide 
in  a  large  volume  of  water  and  extraction  with  ether  ,  yielded  the  known  1- 
methylacenaphthylene  as  a  d^irk-orange  liquid  (27  gm,  55%).  In  the  NMR 
(CDCl^)  ,  a  vinyl  proton  at  3.427^  ( J  —1.5  cps)  and  a  methyl  signal  at  7.752/ 
(J  =  1.5  cps)  appeared. 

Reduction  of  this  aromatic  olefin  at  room  temperature  in  150  ml  of 
ethyl  alcohol  with  platinum  oxide  and  hydrogen  at  50  p.s.i.  occurred  readily, 
producing  a  colorless  oil  (85%  yield)  which  yellowed  on  standing.  GLC 
indicated  a  95-96%  purity.  B.p.  ,  92-94°,/0.9  mm.  Lit.  b.p.  ,  145-155°/ 

28  mm  (114). 

(2)  By  means  of  a  Wolff-Kishner  reaction,  following  the  procedure  of 
Anderson  and  Wade  (55),  a  mixture  of  20  gm  (0.11  mole)  of  2-methyl-l- 
acenaphthenone  in  70  ml  of  95%  ethyl  alcohol  and  100  ml  of  85%  hydrazine 
hydrate  was  refluxed  for  1.5  hours.  To  this  was  added  100  ml  of  diethylene 
glycol,  and  ethyl  alcohol,  water  ,  and  excess  hydrazine  were  removed  by 
distillation  till  a  temperature  of  160-165°  was  reached.  After  addition  of 
14  gm  (0.25  mole)  of  potassium  hydroxide  ,  followed  by  a  further  reflux 
period  of  4  hours,  100  ml  of  water  was  added  to  the  cooled  solution.  The 
three  successive  ether  extracts  were  combined  and  washed  with  water, 
dried,  and  distilled,  giving  13  gm  (70%)  of  pure  1 -methylacenaphthene  , 
boiling  at  94°/ 1.2mm.  0^^  *  1.6180.  The  NMR  spectrum  of  this  compound 
is  shown  in  Fig.  9. 

1  , 1 -Dimethylacenaphthene  (XCIII)  was  obtained  in  50%  yield  by  a 
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Wolff-Kishner  reduction  similar  to  the  reaction  described  above  for  1- 
methylacenaphthene  .  From  25  gm  (0.128  mole)  of  2  ,2 -dimethyl- 1 -ace - 
naphthenone  and  125  ml  of  85%  hydrazine  hydrate  in  90  ml  of  ethyl  alcohol, 
along  with  125  ml  of  diethyleneglycol  and  16.5  gm  (0.295  mole)  of  potassium 
hydroxide  added  at  the  appropriate  time,  11.5  gm  of  1  ,  1 -dimethylacenaph- 

thene  was  obtained  as  a  clear  yellow  liquid,  boiling  at  97-98°/ 1.5  mm; 

23 

-q  ,  1.6001  .  Anal.  Calcd.  for  CjqHqq:  C,  92.26;  H,  7.74.  Found: 

C  ,  92.51;  H,  7.44. 

Its  NMR  spectrum  (neat)  possessed  two  singlets  at  Y  — 7.11  (CH2) 
and  8.8  5  (CH3)  in  the  area  ratio  of  1:3. 

The  picrate  was  obtained  as  orange  needles  from  a  small  amount 
of  95%  ethyl  alcohol.  M.p.  ,  112-112.5°  Anal.  Calcd.  for  C20H17N3O7: 

C,  58.39;  H,  4.17;  N,  10.21.  Found:  C,  58.41;  H,  4.44;  N,  10.11. 
The  picrate  decomposed  readily  in  solvents  such  as  ether  and  hexane  ,  and 
even  on  drying  at  75°/2  mm. 

A  mixture  of  cis  -  and  trans  - 1  ,2-dimethyl- 1  -acenaphthenol  was 
obtained  by  the  reaction  between  2 -methyl- 1 -acenaphthenone  (25  gm  ,  0.138 
mole)  in  250  ml  of  benzene  and  methyl  Grignard  (from  5. 1  gm  ,  0.21  mole 
of  magnesium  and  45  gm  of  methyl  iodide  in  200  ml  of  ether).  Following 
addition  of  the  ketone,  the  mixture  was  refluxed  for  2  hours,  cooled,  and 
decomposed  with  ice  and  saturated  ammonium  chloride  solution.  The 
aqueous  layer  was  extracted  (ether),  the  ether -benzene  solution  thus 
obtained  was  dried  (MgSOq)  ,  and  the  solvent  evaporated.  A  93%  yield 
(25.4  gm)  of  a  pale -yellow  solid  was  obtained,  which,  after  one  recrystal- 
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lization  from  ethyl  alcohol  (Norit)  and  three  recrystallizations  from  Skelly- 

solve  B,  gave  colorless  crystals  turning  slightly  yellow  on  standing  at 

o 

room  temperature.  The  broad  melting  point  range  (88-101  )  indicated 
a  mixture  of  isomers.  This  was  supported  by  the  NMR  spectrum  (Fig.  10) 
which  showed  two  different  methyl  signals  at  Y=8„38  and  8.58  in  addition 
to  an  expected  methyl-doublet.  Resolution  on  an  A-60  instrument  was 
inadequate  ,  but  use  of  a  high  resolution  instrument  (HR-100)  led  to  clear 
separation  of  all  signals.  Peak  identification  was  achieved  by  use  of 
coupling  values  and  side -band  irradiation,  which  caused  collapse  of  the 
methyl-doublet  into  a  single  peak.  Integration  values  indicated  a  54:46 
ratio  of  isomer  s  .  Anal.  Calcd.  for  C,  84.81;  H,  7.12. 

Found:  C,  84.46;  H,  6.87. 

A  quantity  (2dl7  gm  ,  0.105  mole)  of  cis-  anddrans- 1  ,2-dimethyl- 
1 -acenaphthenol  was  dissolved  in  a  minimum  amount  of  hot  95%  ethyl 
alcohol,  as*<iythis  was  added  immediately  to  a  hot  solution  of  24  gm  (0.105 
mole)  of  picric  acid  in  250  ml  of  ethyl  alcohol.  The  picrate  of  1  ,2-di¬ 
me  thy  lacenaphthylene  precipitated  immediately  from  the  hot  solution, 
and  was  collected  and  recrystallized  three  times  from  ethyl  alchohol , 
affording  orange  needles,  (41  gm  ,  92%)  melting  at  1 94- 1 95  °  (decomp .) . 

Anal.  Calcd.  for  £20^15^3^7*  C,  58.68;  H,  3.69;  N,  10.27.  Found: 

C,  58.63;  H,  3.85;  N,  10.38. 

,  1 

Decomposition  of  40  gm  of  the  picrate  with  excess  sodium  hydroxide 
in  large  quantities  of  water  (necessary  to  dissolve  all  of  the  sodium  picrate)  , 
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was  followed  by  ether  extraction  of  the  resulting  yellow  solid.  The  ether 
extract  was  thoroughly  washed  with  water  ,  dried  (MgSO^)  and  freed  frojn 
solvent,  thus  affording  1  ,2  -dimethylacenaphthylene  (LXXXIII)  in  97%  yi^ld. 
Yellow  plates,  obtained  after  three  recrystallizations  from  ethyl  alcohol, 
melted  at  71.5-72°.  Anal.  Calcd.  for  C,  93.29;  H,  6.71 . 

Found:  C,  93.48;  H,  6.65. 

The  infrared  spectrum  (CCl^)  showed  unsaturation  at  1620  cm~^  , 
while  the  NMR  spectrum  (CDCl^)  possessed  a  single  peak  ("fc'  =  7. 85)  for 
the  two  methyl  groups  in  addition  to  the  aromatic  protons  at  2.3-2.75  T". 

Diimide  reduction  of  1  ,2-dimethylacenaphthylene  according  to 
published  procedures  (115,  160)  was  attempted  as  follows. 

A  mixture  of  5  gm.  of  the  olefin  in  65  ml  of  methyl  alcohol,  6.5  gm 
of  85%  hydrazine  hydrate  ,  and  a  small  amount  of  cupric  sulfate  was  stirred 
at  45-50°  for  1  week,  with  air  being  bubbled  through  the  solution.  Small 
quantities  of  hydrazine  hydrate  along  with  fresh  catalyst  were  added  every 
12  hours.  As  well,  methyl  alcohol  was  added  to  offset  losses  due  to 
evaporation.  The  reaction  mixture  was  filtered,  the  solvent  removed, 
and  the  residue  taken  up  in  ether.  The  ether  fraction  was  washed  with 
dilute  hydrochloric  acid,  concentrated,  and  analyzed  by  GLC.  Starting 
material,  to  the  extent  of  43%  was  still  present,  along  with  13%  of  an 
unknown  higher -boiling  impurity. 

Cis-1  ,2 -dimethylacenaphthene  (LXXXIV)  was  prepared  by  the  room 
temperature  reduction  of  5  gm  of  1  ,2-dimethylacenaphthylene  in  100  ml  of 
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ethyl  alcohol,  using  platinum  oxide  as  the  catalyst  and  hydrogen  at  an 
initial  pressure  of  20  p.s.i.  When  hydrogen  take-up  was  complete, 
the  solution  was  filtered,  and  the  solvent  removed,  leaving  a  grey  solid 
of  96%  purity  in  quantitative  yield.  Three  r  ecrystallizations  from  alcohol 
(Norit)  yielded  beautiful,  colorless  needles,  m.p.  ,  53-54°.  Anal.  Calcd. 
for  C14H14:  C,  92.26;  H,7.74.  Found:  C,  92.38;  H,7.63. 

The  NMR  spectrum  of  this  compound  is  shown  in  Fig.  11  and  agrees 
with  the  structure  as  1  , 2 -dimethylacenaphthene  . 

Its  picrate  (from  alcohol)  possessed  fine  orange  needles,  m.p., 
116-117°.  Anal.  Calcd.  for  C2()H  N30  :  C,  58.39;  H,  4.17*  N,  10.21. 

Found:  C,  58.27;  H,4.27;  N,  10.41. 

Attempted  reactions  for  the  preparation  of  trans  -1  ,2-dimethyl- 
acenaphthene 

\ 

Using  a  Reformatsky  reaction  (89)  ,  2  gm  of  zinc  dust  (previously 
washed  with  2%  HC1 ,  water  ,  ethyl  alcohol,  acetone  ,  ether  ,  and  then  dried 
at  110°),  5  gm  of  2 -methyl- 1  -acenaphthenone  ,  and  5.5  gm  of  ethyl  bromo- 
acetate  were  mixed  in  20  ml  of  benzene  and  the  resulting  mixture  refluxed 
for  2-3  hours.  The  cooled  mixture  was  taken  up  in  ether  ,  the  ether  solution 
was  washed  with  20%  sulfuric  acid,  dried,  and  then  freed  from  solvent. 

The  resulting  oil  was  treated  with  3  ml  of  phosphorus  oxychloride  in  20  ml 
of  benzene,  the  solution  refluxed  for  1  hour  ,  cooled,  and  washed  twice  with 
water.  The  dark  oil  which  was  obtained  upon  removing  the  solvents  was 
saponified  for  3  hours  with  excess  aqueous  sodium  hydroxide.  Acidification 
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gave  6.3  gm  of  a  crude  solid.  A  solution  of  this  solid  in  a  hot  mixture 
of  500  ml  of  water  and  200  ml  of  ethyl  alcohol  was  filtered,  and  when  cooled, 
deposited  3.8  gm  (61%)  of  a  carboxylic  acid,  shown  by  NMR  to  be  2 -methyl- 
1 -acenaphthyleneacetic  acid  (LXXXVII).  M.p.  ,  154~156c>.  The  NMR 
spectrum  (CDCI3)  showed  peaks  at  '£'=■-0.50  (broad  singlet),  6.29  (singlet), 
and  7.69  (singlet)  in  the  area  ratios  of  1:2:3.  An  analytics,!  sample  of  this 
compound  was  not  prepared. 

The  preparation  of  glycidic  esters  according  to  the  procedures  of 
Dar zens  and  Dfelfepine  (1.18)  was  found  to  be  unsuccessful.  From  the  reactions 
between  2  -methyl- 1  -acenaphthenone  ,  elfchyl  dichlor  oacetate  and  magnesium 
amalgam,  or  ethyl  dibr omoacetate  and  zinc  dust,  nearly  all  the  starting 
material  could  be  recovered. 

A  mixture  of  cis  -  and  trans -2 -methyl-1  -acenaphthenol  (LXXXVIII) 
was  obtained  by  the  lithium  aluminum  hydride  (1.5  gm  ,  0.04  mole  in  20  ml 
of  ether)  reduction  of  5  gm  (0.0275  mole)  of  2 -methyl- 1  -acenaphthenone  in 
15  ml  of  ether  (90).  Isolation  of  the  product  by  acid  decomposition, 
ether  extraction,  washing  of  the  ether  extract  with  water,  drying  (MgSO^) 
and  solvent  removal  gave  a  quantitative  yield  of  a  white  solid.  One 
crystallization  from  Skellysolve  B  gave  a  melting  point  of  73  =  85®  The 
ratio  of  trans/ cis  isomers  was  found  to  be  55:45  by  the  interpretation  of 
the  NMR  spectrum  (CDCI3)  ,  the  two  doublets  at  If  —  4 . 60  ( J  —  6 . 5  cps) 
and  4. 98  ( J  ~2  cps)  being  assigned  to  the  cis  and  trans  Isomers  respectively. 


The  complete  spectrum  Is  shown,  in  Fig.  12. 
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To  a  cold  ethereal  solution  (50  ml)  of  5  gm  (0.027  mole)  of  the 
cis  and  trans  carbinol,  2.7  gm  (0.01  mole)  of  phosphorus  tribromide  was 
added,  and  the  solution  stirred  at  0-5°for  30  minutes  (122).  The  solution 

i 

was  then  washed  successively  with  water  ,  aqueous  sodium  bicarbonate  , 
and  then  water.  The  dried  (MgSQ^)  solution  freed  from  solvent  left  a 
mixture  of  chs-  and  trims “2 -methyl- 1  -bromoacenaphthene  as  an  oil.  The 
NMR  spectrum  (Fig.  13)  again  proved  it  to  be  a  mixture  ,  the  C-j  -proton 
of  the  cis  isomer  occurring  at  4 . 1 8  93  (J-  7  cps),  that  of  the  trans  br  omide 

at  93—4.77  (Jrr3  cps).  Integration  values  gave  a  62:38  trans/ cis  ratio. 

The  bromide  lost  hydrogen  bromide  very  readily,  even  during 
solvent  removal.  On  distillation  under  reduced  pressure  ,  polymerization 
occurred  with  loss  of  hydrogen  bromide. 

Following  the  procedure  of  Adams  and  Thai  (123)  ,  the  above 
bromide  in  ethyl  alcohol  was  added  slowly  to  a  solution  of  2 . 2  gm  (0.034  mole) 
of  potassium  cyanide  in  10  ml  of  water  ,  and  the  mixture  refluxed  for 
4  hours  ,  during  which  time  it  blackened.  The  bulk  of  the  alcohol  was 
removed  and  the  organic  material  extracted  from  the  aqueous  layer  with 
ether.  From  the  ether  extract  a  dark  residual  oil  was  obtained,  from 
which  none  of  the  expected  carboxylic  acid  could  be  isolated  upon  treat¬ 
ment  with  excess  potassium  hydroxide  (161). 

Following  published  directions  for  the  preparation  of  1  -acenaphthenyl 
methyl  ether  (124)  ,  a  solution  of  the  above  bromide  (5  gm)  in  25  ml  of 
methyl  alcohol  was  refluxed  for  4-5  hours  ,  then  cooled,  treated  with  ether 
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and  washed  with  bicarbonate  solution  and  water.  Removal  of  the  solvent 
from  the  dried  solution  yielded  a  mixture  containing  80-85%  of  1 -methyl- 
acenaphthylene  and  15-20%  of  the  expected  2 -methyl- 1 -acenaphthenyl 
methyl  ether  (cis  and  tr ans)  as  determined  by  GLC  and  NMR  . 

Repeating  the  work  of  Maxim  (125), solid  acenaphthenequinone  was 
added  to  a  methyl  Grignard  solution  in  a  manner  described  earlier  (p.  191  ). 
A  black  solid  was  obtained  as  the  product,  which  did  not  give  the  desired 
diolefin  upon  acid  treatment. 

The  condensation  of  1 -acenaphthenone  with  formaldehyde  (37%)  in 
an  aqueous  solution  in  the  presence  of  sodium  hydroxide  did  not  produce 
any  of  the  2 -hydroxymethyl- 1 -acenaphthenone  (m.p.  ,  213-215°)  as 
reported  by  Gault  and  Kalopissis  (124). 

Reaction  between  cis°l  , 2 -dimethylacenaphthene  and  m-butyllithium 

A  mixture  of  1 . 5  gm  (0.0082  5  mole)  of  cis-1  , 2 -dimethylacenaphthene 
and  8  gm  (0^019  mole)  of  n-butyllithium  solution  (15%  in  hexane,  Foote 
Mineral  Co.)  was  refluxed  for  21  hours.  All  gases  evolved  were  collected 
by  the  downward  displacement  of  water.  Of  the  75-80  ml  of  gas  collected, 
a  small  sample  was  analyzed  on  a  mass  spectrometer  ,  and  was  found  to 
contain  no  trace  of  _n -butane.  The  reaction  mixture,  which  originally  was 
colorless  but  later  changed  to  dark-green  and  then  black,  was  cooled, 
decomposed  with  dilute  hydrochloric  acid,  and  then  extracted  with  ether. 
From  the  ether  extract  there  was  obtained  a  brown  solid  which  was  shown 
to  be  the  original  starting  material  after  one  crystallization  from  alcohol 
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(90%  recovery,  m.p.  ,  53-54°). 

A  similar  reaction  between  2  gm  (0.013  mole  of  acenaphthene  and 
10  gm  (0.023  mole)  of  1  5%  ri-butyllithium  in  hexane  refluxed  for  23  hours 
evolved  85-90  ml  of  gas  ,  which  contained  a  small  amount  (1-2%)  of  n- 
butane.  To  the  cooled  solution,  25  gm  (0.175  mole)  of  methyl  iodide  was 
added,  and  the  mixture  then  stirred  and  warmed  for  1  hour.  Addition  of 
dilute  hydrochloric  acid,  ether  extraction,  drying  of  the  ether  extract 
(MgSO^)  and  removal  of  the  ether  gave  starting  material  and  none  of  the 
methylated  acenaphthene  whatsoever. 

The  experiment  was  repeated  with  the  exception  that  15  ml  of  DME 
was  used  as  an  additional  solvent,  and  that jn-butyllithium  from  a  freshly- 
opened  bottle  was  used.  Even  though  addition  of  the  base  caused  an 
instantaneous  black  coloration,  no  methylacenaphthene s  were  found  after 
treatment  of  the  black  solution  with  methyl  iodide. 

Acenaphthene  (3  gm  ,  0.0195  mole)  was  added  to  a  solution  of 
sodium  methylsulfinyl  carbanion  (prepared  from  2  gm  of  sodium  hydride 
(56%  dispersion)  and  20  ml  of  DMSO  (130))  ,  and  the  resulting  black  solution 
stirred  at  60-65°  for  15  hours.  The  reaction  mixture  was  cooled,  2  5  gm 
of  methyl  iodide  was  added  (exothermic  reaction)  ,  and  the  resulting  mixture 
was  stirred  at  room  temperature  for  15  minutes.  After  the  reaction 
mixture  was  acidified,  extracted  with  chloroform,  the  chloroform  extract 
washed  three  times  with  water  ,  the  dried  organic  layer  was  concentrated 
to  a  dark  oil  which  contained  mostly  starting  material  and  no  methylated 
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acenaphthene  whatsoever. 

1  ,2  ,2-Trimethyl~l -acenaphthenol  (XCIV)  was  prepared  by  the 
dropwise  addition  of  10  gm  (0.051  mole)  of  2  ,2-dimethyl-l -acenaphthenone 
in  100  ml  of  benzene  to  a  Grignard  solution  made  from  2  gm  (0.082  mole) 
of  magnesium  and  15  gm  (0.105  mole)  of  methyl  iodide  in  80  ml  of  anhydrous 
ether.  The  mixture  was  refluxed  for  1  hour,  and  subsequently  decomposed 
with  ice  and  saturated  ammonium  chloride  solution.  The  organic  portion 
was  washed  with  water  ,  dried  (MgSO^)  and  evaporated  to  dryness  ,  affording 
a  quantitative  yield  of  crude  1  ,2 , 2 -trimethyl- 1  -acenaphthenol  as  a  pale- 
yellow  solid.  Three  re  cry  stallizations  from  95%  ethyl  alcohol  (Norit) 
yielded  small  colorless  crystals,  melting  at  101-102°.  The  carbinol 
decomposed  slowly  on  standing.  Anal.  Calcd.  for  C^H^O:  C,  84.86; 

H,  7.60.  Found:  C,  84.89;  H,  7.40. 

The  NMR'  spectrum  (Fig.  14)  showed  a  single  hydroxyl  peak  at 
8.0  2^,  and  three  different  methyl  groups  at  —  8 . 49  ,  8 . 67  ,  and  8.  74. 

In  the  infrared  (CC14)  ,  a  sharp  absorption  at  3620  cm“^  (free  OH)  occurred, 
with  little  hydrogen  bonding  indicated. 

The  carbinol  (50  gm  ,  0.236  mole)  was  dehydrated  w'ith  a  slight 
excess  of  picric  acid,  as  described  on  p.  194.  Decomposition  of  the 
picrate  with  base,  ether  extraction  and  distillation  of  the  dried  ether  solution 
under  vacuum  afforded  41.5  gm  (91%)  of  2  ,2-dimethyl-l  -methylene- 
acenaphthene  (XCV)  as  a  pale -yellow  oil ,  b.p.  ,  101. 5  -102°/  0.9  mm. 

^2,  1.6315.  Anal.  Calcd.  for  C15H14:  C,  92.74;  H,7.26.  Found: 
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C,  92.61;  H,  7.26. 

The  NMR  spectrum  (Fig.  15)  corroborates  the  structure  of  the 
exocyclic  olefin. 

The  orange  picrate  ,  obtained  from  ethyl  alcohol  by  freezing  in  a 
refrigerator,  melted  initially  at  62-63°  (decomp.),  with  further  decom¬ 
position  at  85-100°.  Anal.  Calcd.  for  ^2 1  ^T  7^3^7*  C,  59.57;  H,  4.05; 
N,  9.93.  Found:  C,  59.22;  H,4.21;  N,  10.13. 

At  room  temperature  ,  hydrogen  bromide  was  bubbled  though  a 
neat  solution  of  the  exocyclic  olefin  until  the  equivalent  amount  of  gas  had 
been  added  to  the  double  bond.  The  solution  was  taken  up  in  ether  ,  washed 
with  water,  dried,  and  distilled  under  reduced  pressure.  Only  starting 
material  was  recovered  in  quantitative  yield. 

1  ,1  ,2-Trimethylacenaphthene  (XCVI)  was  prepared  by  three  routes. 
(1)  The  first  method  involved  a  catalytic  reduction  of  2  ,2 -dimethyl- 
1 -methyleneacenaphthene  ,  by  the  method  described  for  1 -methylacenaph- 
thene  (p.  192)  and  for  cis -  1  ,2 -dimethylacenaphthene  (p.195).  The  yield 
of  the  colorless  product  after  distillation  was  90%,  b.p.  ,  98-99°/1.0  mm. 

A  5%  impurity  was  present,  but  this  could  be  removed  by  GLC  purification 
on  a  20 -ft.  preparative  column  of  butanediol  succinate  ,  20%,  on  Gas-Chrom 
W  ,  at  200°  C.  The  pure  1  ,1  ,2-trimethylacenaphthene  (NMR  spectrum 
Fig.  17)  boiled  at  108°/1.5mm;  ^5,  1.5932.  Anal.  Calcd.  for  C]5Hl6: 
C,  91.78;  H,  8.22.  Found:  C,  91.65;  H,  7.98. 

Picrate :  pale-orange  needles  ,  from  alcohol.  Initial  decomp. 
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point  71-72°,  with  further  decomp,  up  to  105°.  Anal.  Calcd.  for 

C21H19N3°7:  C,  59.29;  H,4.50;  N,9.88.  Found:  C,  59.28;  H, 
4.72;  N,  9.86. 

(2)  By  the  second  method,  5  gm  of  2  , 2 -dimethyl- 1  -methylene  acenaph- 
thene  in  40  ml  of  THF  was  refluxed  with  2  gm  of  lithium  aluminum  hydride 
(two-fold  excess)  for  20  hours.  Work-up  as  described  elsewhere  (p.  197) 
and  chromatography  on  neutral  alumina  with  Skelly solve  B  as  eluant  gave 

a  nearly  colorless  liquid  (4  gm)  ,  better  than  98%  pure  (by  GLC)  ,  and 
shown  to  be  the  tr imethylacenaphthene  by  its  NMR  spectrum  (F  ig.  17). 

(3)  A  third  method  for  preparing  1  ,1  ,2-trimethylacenaphthene  was  by 
the  reduction  of  2  , 2 -dimethyl- 1  -hydr oxymethylacenaphthene  p-toluene- 
sulfonate  ,  a  compound  obtained  from  2  , 2 -dimethyl -1 -hydr  oxymethylace  - 
naphthene  ,  whose  preparation  is  described  immediately  following  this 
description  of  the  reduction. 

To  1  gm  (0.026  mole)  of  lithium  aluminum  hydride  in  50  ml  of 
ether,  an  ethereal  solution  of  4.4  gm  (0.012  mole)  of  2  , 2 -dimethyl- 1 - 
hydr  oxymethylacenaphthene  p-toluenesulfonate  was  added  dropwise  over 
1  hour  (162).  The  reaction  mixture  was  stirred  at  room  temperature 
for  1  hour,  and  then  refluxed  for  16  hours.  Decomposition  with  ethyl 
acetate  and  water  was  followed  by  ether  extraction.  The  ether  extract 
was  filtered  and  dried  (MgSO^).  Solvent  removal  left  2.4  gm  of  a  pale- 
yellow  oil,  which  was  chromatographed  on  neutral  alumina  with  Skellysolve 
B  as  the  eluant.  A  colorless  oil  was  obtained  (2.3  gm  ,  97%  yield),  which 
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was  shown  to  be  3.  ,  1  , 2 -tr imethylacenaphthene  by  its  NMR  spectrum  (Fig. 

17). 

2  , 2 -Dimethyl- 1  -hydr oxymethylacenaphthene  (XCVII)  was  prepared 
by  the  hydr obor ation  reaction  on  2  , 2 -dimethyl- 1 -methyleneacenaphthene 
according  to  the  procedure  of  H.  C.  Brown  (127).  In  a  1000-ml,  3-neck 
flask,  equipped  with  a  magnetic  stirrer  ,  dropping  funnel,  condenser  ,  and 
a  nitrogen  inlet,  were  placed  110  ml  of  a  1.0  M  solution  of  sodium  boro- 
hydride  in  diglyme  ,  and  50  gm  (0.258  mole)  of  2  , 2 -dimethyl- 1 -methylene  - 
acenaphthene  in  30  ml  of  diglyme.  The  flask  was  immersed  in  a  water 
bath  (approx.  20°)  and  flushed  with  nitrogen,  and  subsequently  a  static 
nitrogen  atmosphere  was  maintained.  From  a  dropping  funnel,  18  ml  of 
freshly-distilled  boron  trifluoride  etherate  was  added  dropwise  ,  the  reaction 
temperature  being  maintained  at  20-25°.  Stirring  at  this  temperature  was 
continued  for  1  hour,  and  the  excess  hydride  destroyed  by  the  careful, 
dropwise  addition  of  30  ml  of  water.  The  organo  borinic  acid  was  oxidized 
at  40-50°  by  addition  first  of  28  ml  of  3N  sodium  hydroxide  ,  followed  by  a 
short  period  of  stirring  at  this  temperature  ,  and  then  dropwise  addition  of 
28  ml  of  30%  hydrogen  peroxide.  The  mixture  was  stirred  at  room  temper¬ 
ature  for  1  hour  ,  extracted  with  ether  ,  and  the  ether  layer  washed  five 
times  with  cold  water  to  remove  all  the  diglyme.  Drying  of  the  ether 
solution  (MgSO^.)  and  removal  of  the  solvent  left  53  gm  (97%)  of  a  pale- 
yellow  ,  viscous  oil.  Distillation  under  reduced  pressure  of  a  small 
amount  of  the  product,  using  steam  to  heat  the  condenser  ,  gave  2  ,2-dimethyl- 
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- 1 -hydr oxymethylacenaphthene  as  an  extremely  viscous,  nearly  colorless 

oil,  of  97-98%  purity  as  shown  by  GLC  analysis.  B.p.  ,  140- 141  °/0 . 75 
24  5 

mmj  ?£  £)  ,  1.6149.  Anal.  Calcd.  for  C^H^O:  C,  84.86;  H,  7.60. 

Found:  C,  84.55;  H,  7.60.  The  NMR  spectrum  of  this  compound  is 

shown  in  Fig.  16,  and  agrees  completely  with  the  assigned  structure. 

The  3  ,  5  -  dinit  r  obeny.oate  derivative  was  a  yellow  solid  (from 

chloroform),  m.p.  ,  200-201°.  Anal.  Calcd.  for  C, 

22  18  ^  o 

65.02;  H ,  4. 46;  N,6.90.  Found:  C,  65.25;  H,4.6l;  N,6.66. 

2 , 2 -Dirriethyl- 1  -hydr oxymethylacenaphthene  jD-toluene sulfonate 

was  prepared  by  adding  a  solution  of  p-toluenesulfonyl  chloride  (10  gm  , 

! 

0.053  mole)  in  30  ml  of  pyridine  to  8  gm  (0.038  mole)  of  2  ,2 -dimethyl- 1  - 
hydr  oxymethylacenaphthene  in  30  ml  of  pyridine.  The  mixture  was  kept 
at  room  temperature  for  2  days  and  then  poured  into  400  ml  of  ice -water  , 
and  extracted  twice  with  chloroform.  The  combined  chloroform  extracts 
were  washed  three  times  with  200  ml  of  cold,  6N  hydrochloric  acid,  two 
times  with  200  ml  of  cold,  saturated  sodium  bicarbonate  solution,  and 
twice  with  water.  When  dried  (CaC^)  and  freed  from  solvent,  13.3 
gm  of  crude  p-toluenesulf onate  remained  as  a  thick,  yellow  oil.  This 
oil  was  dissolved  in  excess  ,  hot  98%  ethyl  alcohol,  and  when  cooled  deposited 
9.8  gm  (70%)  of  grey  crystals.  Two  recrystallizations  from  ethyl  alcohol 
gave  white  crystals,  m.p.  ,  72-73°.  Anal.  Calcd.  for  C22^22^3^: 

72.10;  H,  6.05;  S,8.75.  Found:  C,  71.94;  H,6.06;  S,9.00. 

2  , 2 -Dimethyl- 1 -acenaphthenecarboxaldehyde  (XCIX)  was  obtained. 
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by  oxidation  of  2  , 2 -dimethyl- 1 -hydr oxymethylacenaphthene  according  to 
the  procedure  of  Barton  _et  al  (129). 

Phosgene  was  bubbled  into  a  stirred  solution  of  400  ml  of  dry  ether 
for  1  hour.  To  this  solution  was  added  50  gm  (0.236  mole)  of  the  primary 
alcohol  in  100  ml  of  ether.  Stirring  was  continued  at  room  temperature 
for  2  hours  ,  while  phosgene  was  continually  passed  into  the  solution. 

This  procedure  was  repeated  until,  after  evaporation  of  the  solvent,  the 
infrared  spectrum  of  a  sample  of  the  product  was  free  from  hydroxyl 
absorption.  In  this  manner  ,  63  gm  (97%)  of  the  chlor of ormate  was  obtained 
as  a  viscous  ,  pale-yellow  oil,  boiling  at  150-151°/0.8  mm.  This  formate 
ester  darkened  to  a  black  color  on  standing  at  room  temperature  for  a 
prolonged  period  of  time. 

After  evaporation  of  the  solvent,  the  crude  chlor  of  ormate  ester 
was  put  into  a  1000-ml  flask,  treated  with  300  ml  of  DMSO  (dried  by 
passage  through  a  column  of  molecular  sieves  and  distilled  under  reduced 
pressure  from  calcium  hydride)  ,  and  the  who(Le  mixture  then  stirred  at 
15°  for  a  few  minutes.  A  vigorous  evolution  of  carbon  dioxide  took  place. 
After  evolution  of  carbon  dioxide  had  ceased,  the  solution  was  stirred  at 
room  temperature  for  15-20  minutes,  whereupon  120  ml  of  dry,  distilled 
tr iethylamine  was  added  in  a  dropwise  fashion  during  a  20-to  30-minute 
period,  while  the  reaction  was  kept  cool  in  an  ice-water  bath.  Cooling 
caused  some  of  the  DMSO  to  solidify,  but  this  was  corrected  by  warming 
the  reaction  vessel  slightly  after  addition  of  the  amine  was  completed. 
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The  mixture  was  then  stirred  at  room  temperature  for  1  hour  ,  after  which 
time  200  ml  of  water  ,  and  a  sufficient  amount  of  2  N  hydrochloric  acid  to 
acidify  the  solution  (450-500  ml)  ,  was  added.  After  two  ether  extractions  , 
two  washing  s  of  the  ether  extract  with,  water  ,  and  subsequent  drying  (MgSO^) 
of  the  ether  solution  followed  by  solvent  removal,  54  gm  of  an  oil  remained. 
This  oil  consisted  of  two  components  (80:20)  ,  as  shown  by  GLC  analysis 
on  a  silicone  rubber  column.  The  main  fraction  was  found  to  be  the  desired 
aldehyde  ,  while  the  smaller  fraction  consisted  mainly  of  the  starting 
material. 

Purification  of  the  reaction  product  either  by  chromatography  on 
neutral  alumina  or  via  a  bisulfite  addition  product  was  unsuccessful. 
Oxidations  with  silver  oxide  in  aqueous  base  or  in  acetone  at  room  temper¬ 
ature  for  20  hours,  or  with  Jones'  reagent  ( CrO-^ /H^SO^/acetone)  (163) 
were  also  unsuccessful. 

Purification  was  best  achieved  by  mixing  5 -gm  quantities  of  the 
oil  with  12.5  ml  of  ethyl  alcohol,  4  gm  of  Girard's  T  reagent  (Fisher 
Scientific)  ,  and  1.25  ml  of  glacial  acetic  acid,  followed  by  refluxing  the 
mixture  for  1  hour  (112).  To  the  cooled  solution  was  added  40-50  ml  of 
water  ,  and  the  mixture  thoroughly  extracted  with  three  portions  of  ether. 
(From  these  ether  extracts  ,  after  washing  with  bicarbonate  solution  and 
water  ,  small  quantities  of  the  starting  alcohol  could  be  recovered).  To 
the  aqueous  layer  was  added  2.5  ml  of  concentrated  hydrochloric  acid  and 
25  ml  of  benzene  ,  and  the  whole  warmed  gently  on  a  steam  bath  for  30 
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minutes.  The  dried  ether  extract,  freed  from  solvent,  left  2.75  gm  of  a 
dark  oil,  which  was  shown  by  GLC  to  be  fairly  pure  aldehyde  (^95%). 
Benzene  elution  of  this  contaminated  aldehyde  on  neutral  alumina  resulted 
in  a  clear  ,  yellow  liquid  of  similar  purity,  but  considerable  quantities 
(^40%)  of  the  product  were  lost  in  this  fashion. 

The  NMR  and  IR  spectra  of  this  compound  are  shown  in  Figs.  19 
and  25  respectively. 

Note  -  the  use  of  Girard's  T  reagent  (BDH)  was  found  to  be  of 
detrimental  value.  Its  use  led  only  to  tarry  products  ,  and  gave  none  of 
the  aldehyde. 

A  second  method  for  preparing  2  , 2 -dimethyl- 1  -acenaphthenecarbox- 
aldehyde  was  found  by  applying  the  procedure  of  Corey  and  Chaykovsky  (130) 
to  2  ,2  -dimethyl- 1  -acenaphthenone  . 

Trimethyloxosulfonium  iodide  was  prepared  by  refluxing  a  solution 
of  32  gm  (0.41  mole)  of  dry  DMSO  and  60  ml  of  methyl  iodide  under  nitrogen 
for  3  days,  during  which  time  the  solution  turned  yellow  and  a  white  solid 
precipitated.  The  solid  was  filtered  off,  washed  with  chloroform,  dried  , 
and  found  to  weigh  27  gm  (30%).  Recrystallization  from  150  ml  of  water 
gave  24.3  gm  of  large  colorless  prisms,  which  were  crushed  and  dried  in 
a  vacuum  desiccator  over  phosphorus  pentoxide. 

Preparation  of  dimethyloxosulfonium  methylide . 

Sodium  hydride  (6.45  gm  ,  0.15  mole)  as  56%  dispersion  in  mineral 


oil  was  placed  in  a  3 -neck,  round-bottom  flask  equipped  with  a  magnetic 
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stirrer.  The  hydride  was  washed  three  times  with  Skellysolve  B,  by 
swirling  and  decanting  the  liquid  portion,  in  order  to  remove  the  mineral 
oil.  The  flask  was  immediately  fitted  with  a  reflux  condenser  ,  the  system 
stoppered  and  evacuated.  Immersion  of  the  vessel  in  a  warm  water  bath 
(^50°)  for  10  minutes  enabled  removal  of  the  last  traces  of  Skellysolve. 

The  vacuum  was  broken,  and  one  equivalent  (33  gm,  0.15  mole)  of  powdered 
trimethyloxosulfonium  iodide  introduced  through  one  of  the  side  arms  of 
the  flask.  The  system  was  placed  under  nitrogen  by  evacuating  and  filling 
with  nitrogen  several  times.  Thereafter  the  system  was  opened  to  atmos¬ 
pheric  pressure,  and  a  slow  influx  of  nitrogen  maintained.  One  hundred 
ml  of  dry  DMSO  was  introduced  slowly  over  a  30-minute  period  via  the 
dropping  funnel,  the  solution  being  stirred  throughout.  A  vigorous 
evolution  of  hydrogen  ensued,  and  a  milky-white  mixture  formed.  This 
was  stirred  for  a  further  20  minutes. 

Reaction  of  dimethyloxosulfonium  methylide  with  2  , 2 -dimethyl- 1  - 

acenaphthenone . 

To  the  above  solution  of  the  ylide  ,  a  solution  of  1  6  gm  (0.082  mole) 
of  the  ketone  in  50  ml  of  DMSO  was  added,  with  stirring,  over  a  20-minute 
period.  The  mixture  was  heated  at  50-60°  for  4. 5  hours  ,  and  then  250  ml 
of  water  was  added.  The  reaction  mixture  was  extracted  with  two  portions 
of  ether  ,  and  the  combined  ether  extracts  washed  twice  with  water  ,  dried 
(Na^SOq)  and  evaporated.  The  yellow  oil  (15.8  gm)  obtained  was  shown 
by  NMR  (Fig.  18)  to  be  a  5:1  mixture  of  oxirane  (Cl)  and  starting  ketone 
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respectively. 

When  only  a  10%  excess  of  methylide  was  used  and  the  mixture 
heated  at  50-60°  for  1  hour  ,  a  3:2  ratio  of  oxirane  to  ketone  was  obtained. 
T-his  ratio  was  raised  to  2:1  when  the  reactants  were  allowed  to  stir  at 
room  temperature  overnight  and  finally  heated  at  50-60°  for  5  hours.  A 
10-hour  heating  period  followed  by  overnight  stirring  caused  decomposition 
of  the  products  ,  the  NMR  spectrum  of  the  products  showing  the  presence  of 
very  little  oxirane. 

Heat  was  evolved  when  the  above  reaction  products  dissolved  in 
Skellysolve  B  were  placed  on  a  column  of  250  gm  of  neutral  alumina. 
Elution  with  ether  gave  the  original  ketone  ,  while  methyl  alcohol  elution 
afforded  10.4  gm  of  crude  2  ,2 -dimethyl- 1 -acenaphthenecarboxaldehyde 
(XCIX)  as  an  orange  oil.  Nearly  pure  aldehyde  was  obtained  as  a  pale- 
yellow  oil  (4  gm  ,  ^30%)  by  rechromatography  of  the  orange  oil  with 
benzene  as  eluant  on  neutral  alumina. 

The  NMR  and  IR  spectra  (Figs.  19  and  25)  support  the  assigned 
structure . 

Reaction  between  2  , 2 -dimethyl- 1 -methyleneacenaphthene  and  per- 

benzoic  acids . 

To  3  gm  (0.0155  mole)  of  2  , 2 -dimethyl- 1 -methyleneacenaphthene 

O 

in  100  ml  of  chlorform  at  0-5  was  added  during  1  hour  a  solution  of  per- 
benzoic  acid  (0.0183  mole)  in  chloroform  (35  ml  of  a  solution  containing 
0.072  gm  of  acid/ml  of  solvent,  diluted  with  an  additional  40  ml  of  chloro- 
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form).  The  reaction  mixture  was  stirred  at  ice-bath  temperature  for  6 
hours,  and  at  room  temperature  for  10  hours.  The  solution  was  washed 
first  with  sodium  bisulfite  ,  then  twice  with  5%  bicarbonate  solution,  and 
finally  dried  (MgSO^)  and  evaporated,  leaving  a  dark-brown  oil  which 
became  viscous  and  black  in  color  when  it  stood  at  room  temperature. 

The  NMR  spectrum  showed  the  product  to  be  mainly  starting  material, 
with  no  oxirane  present  (no  signals  at  ^=6.8). 

When  a  mixture  of  2  gm  (0.0103  mole)  of  the  olefin  in  70  ml  of 
chloroform  and  2.5  gm  (0.0123  mole)  of  85%  m-chlor  operbenzoic  acid 
(FMC  Corporation,  Carteret,  N.J.)  in  50  ml  of  chloroform  was  stirred  at 
0°for  11  hours  and  then  at  room  temperature  for  an  additional  9  hours, 
a  similar  product  was  obtained,  which  contained  none  of  the  desired  epoxy 
compound. 

1  ,2  ,2 -Trimethyl- 1  -acenaphthenecarboxaldehyde  (C)  was  prepared 
in  84%  yield  by  the  alkylation  of  the  corresponding  2  , 2 -dimethylaldehyde  , 
using  excess  methyl  iodide  and  sodium  hydride  in  benzene  by  the  same 
method  described  for  the  methylation  of  1 -acenaphthenone  (p.  190).  The 
product  was  obtained  by  chromatography  on  neutral  alumina,  with  Skelly- 
solve  elution  removing  all  of  the  paraffin  oil.  Elution  with  benzene  and 
finally  with  ether  gave  the  trimethylaldehyde  as  a  nearly  pure  ,  yellow  oil. 
(Further  purification,  if  necessary,  could  be  achieved  by  treatment  with 
Girard's  T  reagent,  as  described  previously  (p.  207)).  Upon  cooling,  the 
oil  solidified  and  was  re  cry  stallized  twice  from  ethyl  alcohol.  Nearly 
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colorless  crystals  were  obtained,  of  which  an  analytical  sample  melted  at 
53-54°.  Anal.  Calcd.  for  Cl6Hl60:  C,  85.67;  H,  7.19.  Found:  C, 

86.02;  H,  6.98.  The  NMR  and  IR  spectra  of  this  aldehyde  are  recorded 
in  Figs.  20  and  26  respectively. 

1  ,2  , 2 -Trimethyl- 1  -acenaphthenecarboxaldehyde  p-toluene  sulf  onyl- 
hydr azone  (CII)  was  synthesized  by  refluxing  for  4-5  hours  a  solution  of 
5.6  gm  (0.025  mole)  of  the  aldehyde  with  a  slight  excess  of  p-toluenesulfonyl- 
hydrazine  in  100  ml  of  methyl  alcohol.  By  placing  the  resulting  reaction 
mixture  in  the  refrigerator  ,  5  gm  of  nearly  colorless  crystals  were 
deposited.  These  were  collected  by  filtration  and  washed  with  ether.  The 
filtrate  was  evaporated  to  a  small  oily  residue  ,  from  which  an  additional 
2.4  gm  of  solid  was  obtained  by  scratching,  seeding,  and  chilling.  The 
combined  portions  of  crude  hydr azone  were  washed  with  cold,  10%  sulfuric 
acid  in  order  to  remove  any  unreacted  hydrazine  ,  and  then  purified  by 
two  recrystallizations  as  follows.  Solution  of  the  hydr  azone  in  a  minimum 
of  hot  methyl  alcohol,  dropwise  addition  of  water  till  a  faint  cloudiness 
appeared,  and  subsequent  cooling  gave  small,  glistening  white  plates 
melting  at  163.5-164.5°.  Anal.  Calcd.  for  C^H^N.^O^S:  C,  70.38; 

H,  6.16;  N,  7.14;  S,8.17.  Found:  C,  70.17;  H,6.26;  N,7.28;  S, 

8.34. 

The  NMR  spectrum  is  shown  in  Fig.  21.  Addition  of  D-,0  to  the 
NMR  sample  and  reintegration  of  the  signals  showed  the  N — H  proton  to 
be  among  the  aromatic  protons  at  2.2-2. 3 If.  The  vinylic  hydrogen  also 
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was  found  buried  in  the  aromatic  signals  ,  an  observation  reported  else¬ 
where  ( 1 64) . 

1 -Hydr oxymethyl- 1  ,2  ,  2 -trimethylacenaphthene  was  prepared  by 
the  addition  of  2.24  gm  (0.01  mole)  of  trimethylaldehyde  in  50  ml  of  ether 
to  a  solution  of  0.40  gm  (0.011  mole)  of  lithium  aluminum  hydride  in  50 
ml  of  ether.  The  mixture  was  refluxed  for  3  hours  ,  and  stirred  over¬ 
night  at  room  temperature  ,  followed  by  ethyl  acetate-water  decomposition. 
The  inorganic  salts  were  removed  by  filtration,  the  ethereal  filtrate 
washed  with  water  ,  dried  (MgSO^)  ,  and  evaporated  to  a  yellow  oil  (2.15 
gm) .  Chromatography  on  50  gm  of  neutral  alumina  with  ethyl  acetate  as 
eluant,  followed  by  methyl  alcohol  elution,  gave  a  combined  yield  of  2.04 
gm  of  a  pale -yellow  liquid,  which,  v/hen  dissolved  in  Skellysolve  B  and 
chilled  in  a  refrigerator  ,  deposited  a  white  ,  waxy  solid.  An  analytical 
sample  ,  prepared  by  subliming  a  small  portion  of  the  solid,  gave  a 
melting  point  of  65-66°.  Anal.  Calcd.  for  C,  84.91;  H,  8.02. 

Found:  C,  85.08;  H,  8.05. 

The  NMR  spectrum  of  this  compound  is  shown  in  Fig.  22. 

The  p-toluenesulfonate  (CVI)  was  prepared  by  the  method  described 
on  p.205  from  0.80  gm  (0.00354  mole)  of  1 -hydr oxymethyl- 1  , 2  ,2 -trimethyl¬ 
acenaphthene  and  1.0  gm  (0.0052  mole)  of  p-toluenesulfonyl  chloride 
dissolved  in  6  ml  of  pyridine  ,  and  allowed  to  stand  at  room  temperature  for 
24  hours.  The  oil  (1.25  gm)  obtained  after  work-up  was  dissolved  in 
methyl  alcohol,  from  which  0.70  gm  (52%)  of  small  needles  were  obtained 
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on  cooling.  Recrystallization  from  a  chloroform-ether  (1:3)  solution 
gave  colorless  crystals,  m.p.  ,  88-88. 5  °  (decomp. ) .  Anal.  Calcd.  for 

C23H24°3S:  C>  72*6°i  u>  6.36;  S,  8.43;  Found:  C,  72.89;  H,  6.36; 
S,  8.50.  The  molecular  structure  was  supported  by  the  NMR  spectrum 
(Fig.  23). 

1  ,1  , 2  ,2 -Tetr amethylacenaphthene  (XCVIII)  was  obtained  in  72% 
yield  by  the  Wolff-Kishner  reduction  of  the  precursor,  1  ,2  ,2-trimethyl- 1  - 
acenaphthenecarboxaldehyde .  A  mixture  of  1.25  gm  (0.0056  mole)  of  the 
aldehyde  ,  5.5  ml  of  85%  hydrazine  hydrate  ,  and  5  ml  of  ethyl  alcohol  was 
refluxed  for  1.5  hours.  Addition  of  6  ml  of  diethylene  glycol  was  followed 
by  removal  by  distillation  of  the  lower -boiling  components  ,  until  a  temper- 

o 

ature  of  180  was  reached.  Then  0.77  gm  (0.014  mole)  of  potassium 
hydroxide- was  added,  the  resulting  mixture  refluxed  for  4.5  hours  ,  cooled, 
diluted  with  water  and  extracted  with  ether.  The  ethereal  extract  was 
washed  successively  with  dilute  hydrochloric  acid  and  water  ,  then  dried 
and  evaporated.  A  light-brown  oil  (1.02  gm)  remained  which  consisted 
of  two  components  in  a  15:85  ratio,  as  indicated  by  GLC  analysis  on  a 
silicone  rubber  column.  When  cooled  and  scratched,  the  oil  solidified. 

The  solid  was  dissolved  in  ethyl  alcohol,  decolorized  withNorit  and  allowed 
to  crystallize  ,  giving  500  mg  of  a  yellow  solid  which  was  98%  pure  by  GLC  , 
and  melted  at  43.5-44.5°.  Sublimation  at  0 . 5  mm  pressure  and  at  an 
oil  bath-temperature  of  90-100  °  produced  a  white  solid,  better  than  99.5% 
pure  melting  at  57-58°.  Anal.  Calcd.  for  C,  91.37;  H,  8.63. 
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Found:  C,  91.10;  H,  8.51. 

The  NMR  spectrum  (CCI4)  showed  aromatic  protons  (T  —  2.4-3. 0) 
and  a  sharp  singlet  (  T'— 8.75)  in  the  integrated  area  ratio  of  1:2. 

A  pure  pi  crate  of  the  tetramethyl  derivative  could  not  be  obtained. 

Reduction  of  1  ,2  , 2 -trimethyl- 1  -acenaphthenecarboxaldehyde  jd- 
toluene sulfonylhydr azone  with  lithium  aluminum  hydride 

Following  the  procedure  of  Caglioti  and  Grasselli  (133),  6.1  gm 
(0.0156  mole)  of  the  p-toluene  sulfonylhydr  azone  in  150  ml  of  anhydrous  THF 
(distilled  from  LiAlH^)  was  refluxed  for  8  hours  with  6  gm  (0.16  mole) 
of  lithium  aluminum  hydride.  The  cooled  solution  was  poured  slowly 
into  moist  ether  ,  and  was  further  decomposed  with  water  and  10%  sulfuric 
acid.  After  successive  washings  of  the  ether  solution  with  10%  sulfuric 
acid,  10%  sodium  hydroxide,  and  water,  the  organic  layer  was  dried  (MgSOq) 
and  freed  from  solvent,  affording  2.3  gm  of  a  yellow-brown  oil.  By  GLC 
analysis  on  three  columns,  only  three  products  were  found,  one  in  the 
amount  of  5%,  the  other  two  being  approximately  equal  (^47.5%).  By 
comparison  of  retention  times  with  those  of  authentic  samples  ,  the  latter 
two  components  were  identified  as  1  ,1  ,2 -trimethylacenaphthene  and  1,1,2  ,2- 
tetr amethylacenaphthene  .  This  observation  was  further  supported  by  the 
NMR  spectrum  which  showed  three  different  methyl-signals  (''£'=  8.67-8.88) 
and  a  quartet  centered  at  7/=  6. 78. 

Lithium  aluminum  hydride  reduction  of  1 -hydroxymethyl- 1  ,2,2- 
trimethylacenaphthene  p-toluene  sulfonate  . 
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Similar  to  a  previous  reduction  (p.203)  ,  1.12  gm  (0.00295  mole) 
of  the  p-toluene sulfonate  was  treated  with  0.50  gm  (0.013  mole)  of  lithium 
aluminum  hydride  in  a  total  of  125  ml  of  ether.  The  yellow  oil  (0.612  gm) 
which  was  obtained  as  the  reaction  product  contained  five  constituents  in 
the  ratio  of  4:3:12:5:76  (by  GLC  using  a  neopentylgiycol  succinate  column 

O 

at  200  ).  The  main  fraction  was  isolated  by  GLC  and  obtained  as  a  pure 
liquid  whose  infrared  spectrum  (Fig.  27)  possessed  unsaturation  at  1655  cm' 
and  whose  NMR  spectrum  (Fig.  24)  contained  a  vinyl  proton,  showing 
allylic  coupling  to  a  methyl  group,  and  in  addition  two  other  methyl  groups. 
The  data,  which  strongly  suggests  a  structure  such  as  1  ,1  , 3 -trimethylphen- 
alene  (CVII)  was  further  supported  by  mass  spectral  data  which  showed 
a  parent  peak  at  m/ e  —  208  ,  as  well  as  strong  peaks  at  m/ e  =  193  and  178  , 
due  to  loss  of  one  and  two  allylic  methyl  groups  respectively.  Anal.  Calcd. 
for  Cl6Hl6:  C,  92.26;  H,7.74.  Found:  C,  92.34;  H,7.75. 

J .  Experimental  Work  Concerned  with  the  Preparation  of  Reduced 

A  cenaphthene  s 

For  the  preparation  of  reduced  acenaphthenes  ,  the  following 
reactions  were  carried  out. 

Following  the  procedure  of  Howell  and  Taylor  (140)  ,  methyl  acrylate 
(practical  grade  *  32  gm  ,  0.37  mole)  was  added  to  a  boiling  solution  of 
sodium  methoxide  (1.5  gm  in  8  ml  of  methyl  alcohol)  and  indene  (120  ml, 
1.04  moles)  during  a  period  of  1  5  minutes.  The  solution  was  refluxed  for 
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a  further  40  minutes  and  then  distilled  under  reduced  pressure.  After  a 
fore-run  of  unchanged  indene  ,  methyl  /3  -(3 -indenyl)pr opjonate  (46.3  gm, 

61%  based  on  methyl  acrylate)  was  collected  at  131-133°/  2  mm.  Lit. 
b.p.  ,  115-121°/1  mm  (105). 

By  the  method  of  Rapoport  and  Pasky  (141)  ,  75  gm  of  the  above 
indenyl  propionate  in  125  ml  of  ethyl  alcohol  was  reduced  with  2  gm  of 
5%  palladium  on  charcoal  until  hydrogen  uptake  (initial  pressure  50  p.s.i.) 
was  complete  (less  than  1  hour).  After  filtration  and  removal  of  the 
solvent,  71  gm  (94%)  of  methyl  (3 -( 1  -indanyl)pr opionate  was  distilled 
as  a  colorless  oil  at  113-114°/1.3  mm.  Lit.  b.p.  ,  126°/2.5  mm  (141). 

A  mixture  of  204  gm  (1  mole)  of  methyl  |3  -( 1  -indanyl)pr opionate 
and  80  gm  (2  moles)  of  sodium  hydroxide  in  720  ml  of  water  was  refluxed 
for  2.5  hours.  The  colorless,  homogeneous  solution  was  poured  into 
cold,  dilute  hydrochloric  acid.  When  cooled,  the  solution  deposited  /3 - 
(1 -indanyl)pr opionic  acid  as  a  white  solid.  The  air-dried  solid  was  crystal¬ 
lized  once  from  Skellysolve  B  and  gave  175  gm  (92%)  of  the  acid  of  melting 

\ 

point  45-46°.  Lit.  m.p.  ,  50°  (57-59^  (55). 

A  solution  of  171  gm  (0.90  mole)  of  the  acid  and  200  gm  (1.68  moles) 
of  thionyl  chloride  in  500  ml  of  benzene  was  refluxed  for  2.5  hours.  The 
solution  was  stirred  overnight  at  room  temperature  ,  then  freed  from 
solvent  and  excess  thionyl  chloride,  and  distilled  under  reduced  pressure 
affording  122  gm  (65%)  of  (3 -( 1  -indanyl)pr opionyl  chloride  as  a  nearly 
colorless  oil,  boiling  at  120-122°/!.  5  mm.  Lit.  b.p.  ,  138-142°/11  mm  (55). 
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2a  ,3  ,4 , 5-Tetrahydr  o-5-acenaphthenone  (LII)  was  obtained  in  96% 
yield  by  the  procedure  reported  by  Anderson  and  Wade  (55).  To  25  gm 
(0.12  mole)  of  (3 -(1  -indanyl)pr opionyl  chloride  in  50  ml  of  dry  benzene 
was  added,  in  dropwise  fashion,  68  gm  (0.26  mole)  of  anhydrous  stannic 
chloride  in  60  ml  of  benzene.  The  mixture  was  stirred  at  room  temper¬ 
ature  for  2  hours,  and  then  refluxed  for  4  hours.  The  cooled  solution 
was  treated  with  ice  and  dilute  hydrochloric  acid,  stirred  for  10  minutes  , 
and  then  the  benzene  layer  separated.  Washing  of  the  organic  portion 
with  water  and  sodium  bicarbonate  ,  followed  by  drying  and  evaporation  of 
the  solvent,  left  19.8  gm  of  crude,  tan-colored  ketone.  Recrystallization 
from  methyl  alcohol  gave  a  grey-brown  solid,  m.p.  ,  85-87°.  Lit.  m.p.  , 
85-86° (165). 

2a,  3  ,4 ,5-Tetrahydroacenaphthene  (CVIII)  was  prepared  by  the 
following  two  methods. 

(1)  By  a  Wolff -Kishner  reduction  (55),  a  mixture  of  1  5  gm  (0.087  mole) 
of  the  above  ketone  in  63  ml  of  ethyl  alcohol  containing  87  ml  of  85% 
hydrazine  hydrate  was  refluxed  for  1  hour.  Then  87  ml  of  diethylene 
glycol  was  added  to  the  solution,  and  the  alcohol  and  excess  hydrazine 

O 

distilled  out  of  the  mixture  until  the  distillation  temperature  reached  170  . 

A  further  11.7  gm  (0.21  mole)  of  potassium  hydroxide  was  added  and  the 
mixture  refluxed  for  an  additional  3  hours.  Addition  of  cold  water,  extract¬ 
ion  with  ether  ,  washing  the  extract  with  water  ,  drying  (MgSO^)  and  distillation 
yielded  3.7  gm  (27%)  of  the  required  tetr ahydr oacenaphthene  as  a  colorless 
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liquid.  B.p.  ,  90-91°/2.9  mm;  7£  ^  ,  1.5560.  Lit.  b.p.  ,  1 1 3 . 5- 1 14°/  1  0 
mm;  7^  ,  1.5573  (142). 


(2)  Using  the  procedure  of  Johnson  and  Glenn  (142)  30.8  gm  (0.2  mole) 
of  acenaphthene  and  enough  ethyl  alcohol  to  bring  the  total  volume  of  suspen¬ 
sion  to  115  ml,  was  placed  in  an  autoclave  (volume  of  the  bomb -2 57  ml)  at 
room  temperature.  One -fourth  teaspoon  of  Raney  nickel  catalyst  (144)  was 
added  and  hydrogen  introduced  to  a  pressure  of  1009  p.s.i.  (0.40  mole  at 

O  0 

23  ).  The  temperature  was  raised  slowly  to  110  ,  and  the  hydrogenation 

continued  until  the  pressure  remained  constant.  The  product  was  worked 

up  by  filtration  and  vacuum  distillation  through  a  Vigreux  column,  and  was 

obtained  in  95%  yield.  B.p.  ,  77-78°/  1.0  mm;  7\  ^  ,  1.5572. 

The  ultraviolet  spectrum  (95%  ethyl  alcohol)  of  2a  ,3  ,4 ,5-tetrahydr  o- 

acenaphthene  (Fig.  30)  possessed  a  strong  aromatic  band  at  A  —  208 

max 

tcvJjl  (£  — 14800)  ,  and  weak  absorptions  at  Amax-  268  nyc  (  £  ~  600)  and 
276  mjx  (£  —  600). 


4-Bromo-2a  ,3  ,4 ,5-tetrahydro-5-acenaphthenone  (CXI)  was 
synthesized  following  a  general  bromination  procedure  (166).  To  10  gm 
(0.058  mole)  of  tetrahydr oketone  in  125  ml  of  ether  at  0°  ,9.3  gm  (0.058 
mole)  of  bromine  was  added  dropwise  with  stirring  during  a  30 -minute 
period.  When  the  addition  of  bromine  was  completed,  the  ice -water  bath 
was  removed  and  the  reaction  mixture  stirred  for  an  additional  30  minutes. 
The  solution  was  poured  into  ice -water  ,  extracted  with  ether  ,  the  ether 
layer  washed  "with  water  and  bicarbonate  solution,  then  dried  and  evaporated. 


C  (  iM)  »IO  bns  .  ioar  .  o  o  -^i/baDO-iq  a  !J  gn  8U 


jmc  d  adt  >  jmjjJov)  s f&l:  *  .  it  baoslq  e  *lrn  21  l  )J  noi? 


.0)  ,i  «i  .1  001  "fco  n.-  ’  i  b  tsbot^ni  *  $go  l  '  t.  i.  sbb; 


i  . a  p  .j  pH  as  >iq  .1  iiunu  bsuailroD 


*,  .  i  d  (ic  >.'.{>  f^dr  -c  ')  mujto  ia  Vorv/n  ml  a.  T 

.  .  1 3  3 )  d  ^  ^ 


-C  .<-  :  sb  'it  t  -  '  >  •  b  i  «« •  int<  td  o 


-  220  - 


A  grey-brown  solid  (14.35  gm  ,  98%)  remained,  which  was  observed  to  be 
a  lachrymator  ,  possessing  skin-irritating  properties.  A  small  portion 
was  purified  by  steam  distillation  and  recrystallization  from  methyl  alcohol., 
m.p.  ,  102-104°.  Anal.  Calcd.  for  C12HnBrO:  C,  57.39;  H,4.42;  Br  , 
31.82.  Found:  C,  57.63;  H,4.39;  Br,  32.04. 

Reaction  between  4-bromo-2a  ,3  ,4 ,5-tetrahydro-5-acenaphthenone 
and  1  ,2 -ethanedithiol. 

A  mixture  of  5  gm  (0.02  mole)  of  the  bromo  ketone  in  25  ml  of 
toluene,  50  mg  of  p-toluenesulfonic  acid,  and  1.88  gm  (0.02  mole)  of 
1  ,2 -ethanedithiol  was  refluxed  for  21  hours,  using  a  Dean-Stark  (111) 
water -trap.  A  slight  excess  above  the  theoretical  amount  of  water  was 
collected,  while  hydrogen  bromide  was  evolved  in  copious  quantities. 

The  cooled  mixture  was  poured  into  water  ,  extracted  with  ether  ,  the  ether 
extract  washed  with  sodium  bicarbonate  solution  and  then  dried  and 
evaporated.  The  residual  dark  oil  gave  5.5  gm  of  solidified  material  on 
cooling,  which  was  extracted  with  400  ml  of  hot  methyl  alcohol.  The  alcohol 
solution  on  cooling,  deposited  3  gm  of  a  pale -yellow  solid,  melting  at  90- 
91  °.  By  a  Beilstein  test  ,  halogen  was  found  to  be  absent.  Anal.  Calcd. 
for  C14H14S2:  C,  68.24;  H,5.73;  S,  26.03.  Found:  C,  68.37;  H, 

5.68;  S,  26.36.  A  parent  peak  at  m/e=246  was  observed  in  the  mass 
spectrum.  This  is  in  agreement  with  a  structure  such  as  CXV. 

Desulfurization  (167)  of  500  mg  of  this  sulfur -containing  compound 
in  50  ml  of  98%  ethyl  alcohol  with  10-15  gm  of  Raney  nickel  (144)  during 
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15  hours  of  reflux,  gave  Za  ,  3  ,4 , 5-tetr  ahydr  oacenaphthene  as  the  product, 
as  determined  by  comparison  of  the  NMR  spectrum  of  the  product  with 
the  spectrum  of  an  authentic  sample  (three  aromatic  protons  at  ^yr3.0-3.3, 
and  eleven  methylene  (and  methynyl)  protons  between  0-9.0). 

2a  , 3  ,4 , 5 -Tetr ahydr  o-  5 -acenaphthenol  ( CIX)  was  obtained  in  93%  yield 
by  the  addition  of  1  5  gm  (0.087  mole)  of  the  corresponding  ketone  in  200  ml 
of  ether  to  a  solution  of  lithium  aluminum  hydride  (6.6  gm  ,  0.174  mole) 
in  50  ml  of  ether.  After  addition  was  completed,  a  2-hour  reflux  period 
followed,  with  subsequent  decomposition  of  the  mixture  with  moist  ether, 
then  water  and  10%  sulfuric  acid.  Re  cry  stallization  of  the  solid  product 

O 

from  aqueous  methyl  alcohol  gave  a  white  solid,  m.p.  ,  95-96  .  Lit.  b.p.  , 

1  58-160°/  18  mm  (141). 

2a  ,3- D-ihydr oacenaphthene  (CX)  was  prepared  from  2a  ,3  ,4 ,5-tetra- 

hydro- 5-acenaphthenol  by  heating  the  latter  (11.9  gm,  0.0684  mole)  with 

4.35  gm  (0.0345  mole)  of  oxalic  acid  dihydrate.  Both  solids  melted 

readily,  and  the  solution  was  refluxed  for  10-15  minutes.  The  mixture 

was  cooled,  extracted  with  ether  ,  the  ether  layer  washed  free  of  any  acid 

by  sodium  bicarbonate  solution,  then  dried  (MgSOq)  and  distilled.  The 

desired  product  was  obtained  as  a  clear  liquid  (6.6  gm,  62%),  boiling  at 

25 

89-90  /1 .9  mm;  ^  ,  1.5903.  Anal.  Calcd.  for  Ci2**12:  ^  »  92.25; 

H,  7.75.  Found:  C,  92.32;  H,7.66. 

The  UV  spectrum  (95%  ethyl  alcohol,  Fig.  31)  supported  the  assigned 
structure  ,  in  which  the  double  bond  is  in  conjugation  with  the  aromatic  ring 
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(absorption  at  ^max  =  266  rryx,  £~9250  (see  Table  X,  p. 126  for  compari¬ 
son  with  styrene)).  The  IR  spectrum  (film)  showed  unsaturation  at  1623 
cm  ^  ,  while  the  NMR  spectrum  (Fig.  28)  indicated  an  AB  system,  with 
vinyl  protons  at  T^=i3.6  and  4.2. 

An  orange  pier  ate  was  obtained  (m.p.  ,  60-61°).  Since  it  was 
unstable  ,  decomposing  quite  readily  on  exposure  to  the  atmosphere  ,  a 
good  elemental  analysis  could  not  be  obtained. 

Sodium-liquid  ammonia  reduction  of  acenaphthene  . 

A  system  composed  of  a  3 -neck  flask  connected  with  a  dry-ice 
condenser  was  flame-dried,  while  a  current  of  dry  nitrogen  was  passed 
through  it.  When  cooled  (N0)  ,  the  condenser  was  charged  with  dry-ice 
and  acetone  ,  and  150  ml  of  liquid  ammonia  was  collected  in  the  flask. 
Following  the  procedure  of  HUckel  and  Schlee  (145)  ,  10  gm  (0.065  mole) 
of  acenaphthene  ,  40  ml  of  anhydrous  ether,  and  16  ml  of  absolute  ethyl 
alcohol  was  added  to  the  ammonia  solution.  The  mixture  was  stirred 
vigorously  while  3.0  gm  (0.13  mole)  of  sodium  was  added  in  small  pieces, 
during  a  period  of  25  minutes  ,  each  piece  being  added  when  the  green 
color  due  to  the  previous  piece  had  been  discharged.  The  decolorized 
solution  was  stirred  for  an  additional  15  minutes  ,  after  which  time  the 
ammonia  was  evaporated  on  a  water  bath.  In  order  to  dissolve  all  the 
salts  ,  100  ml  of  water  was  added,  and  the  resulting  solution  acidified 
with  dilute  hydrochloric  acid.  The  liquid  obtained  from  the  ether  extract  , 
after  removal  of  the  ether  ,  was  analyzed  by  GLC  (neopentylglycol  succinate 
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column)  and  found  to  consist  of  18%  of  starting  material,  9%  of  2a, 3,4,5- 
tetr ahydr oacenaphthene  (both  identified  by  comparison  of  retention  time 
with  those  of  authentic  samples),  and  73%  of  2a  ,  5-dihydr  oacenaphthene  . 

The  use  of  half  the  amount  of  sodium  metal  under  the  same  conditions 
gave  a  26:6:68  ratio  of  the  above  products  ,  while  the  use  of  20%  excess 
metal  resulted  in  a  4:12:84  distribution. 

From  the  reaction  of  20  gm  (0.13  mole)  of  acenaphthene  ,  80  ml 
of  ether,  32  ml  of  absolute  ethyl  alcohol,  and  7.92  gm  (0.345  mole,  33% 
excess)  of  sodium  in  200  ml  of  liquid  ammonia,  the  above  mixture  in  a 
3:14:83  ratio  was  obtained.  Upon  distillation  of  this  mixture  under  reduced 
pressure,  17.9  gm  of  a  colories  s  oil  was  obtained  ,  b.p.  ,  79. 5-81°/  1.2 
mm,  which  contained  only  a  trace  of  acenaphthene. 

The  oil  was  dissolved  in  100  ml  of  carbon  tetrachloride  ,  and  the 
solution  cooled  in  an  ice  bath.  With  stirring,  16  gm  (0.1  mole)  of  bromine 
was  added  dropwise  during  30  minutes  ,  each  drop  being  rapidly  decolorized. 
The  evolution  of  some  hydrogen  bromide  was  observed.  After  the  addition 
of  bromine  was  completed,  the  solution  was  stirred  for  20  minutes  at  0°, 
during  which  time  a  white  solid  precipitated.  A  total  of  22.5  gm  of  3  ,4- 
dibromo-2a  , 3  ,4 , 5 -tetrahydr oacenaphthene  was  obtained  by  evaporation 
of  the  carbon  tetrachloride  solution.  The  solid  was  dissolved  in  ether  , 
the  ether  solution  washed  with  water  and  aqueous  sodium  bicarbonate  ,  dried 
and  evaporated.  The  dibromo  compound  was  recrystallized  three  times 
from  ether,  and  showed  a  melting  point  range  of  105-125°.  Anal.  Calcd. 
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for  C12H12Br2:  C,  45.60;  H,3.83;  Br  ,  50.57.  Found:  C,  45.93; 

H,  3.43;  Br  ,  51.00. 

The  dibromo  compound  (5  gm)  in  an  ether  solution  was  added  to 
20  gm  of  activated  zinc  dust  (168)  also  in  200  ml  of  ether  ,  and  the  mixture 
stirred  vigorously  at  room  temperature  for  24  hours.  After  filtration 
and  solvent  removal,  all  of  the  original  dibromo  starting  material  was 
recovered  unchanged. 

2a  ,  5 -Dihydr  oacenaphthene  (CXII)  was  prepared  by  treating  17.3 

gm  of  the  dibromo  derivative  with  1.7  gm  (25-30%  excess)  of  magnesium 

in  the  usual  Grignard  manner.  The  magnesium  was  placed  in  a  flame  - 

dried  flask,  to  which  a  small  amount  of  ether  and  dibromo  compound  were 

added.  In  order  to  initiate  the  reaction,  a  few  drops  of  methyl  iodide 

were  introduced.  The  bromine  compound,  dissolved  in  a  small  amount 

of  ether  ,  was  continuously  added  at  such  a  rate  that  a  brisk  reaction 

occurred.  After  the  addition  was  completed,  the  solution  was  refluxed 

for  2  hours,  whereupon  two  layers  separated.  By  careful  addition  of 

water  and  dilute  hydrochloric  acid  the  reaction  mixture  was  worked  up, 

yielding  the  dihydr  oacenaphthene  containing  a  small  amount  of  acenaphthene 

After  two  fractional  distillations  through  a  short  Vigreux  column,  5.6  gm 

o  24 

of  a  pure  colories  s  oil  was  collected ,  b .  p.  ,  80- 80 . 5°/  1.25  mm .  7^  pj  > 

I. 5724.  The  liquid  solidified  on  freezing,  but  melted  near  room  temper¬ 


ature.  Anal.  Calcd.  for  C,  92.25;  H,  7.75.  Found:  C 


91.97;  H,  7.74. 
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The  dihydro  compound  possessed  a  parent  peak  at  m/e— 156  in  its 
mass  spectrum,  and  double  bond  absorption  at  1635  cm  *  in  its  infrared 
spectrum  (film).  The  NMR  spectrum  showed  the  presence  of  two  vinyl 
protons  at  7/— 4.  16  (Fig.  29).  The  UV  spectrum  (95%  ethyl  alcohol.  Fig 
32)  was  similar  to  that  of  2a  ,3  ,4  ,5-tetrahydroacenaphthene  as  expected; 
strong  absorption  (aromatic)  at  X  =  205  m/c  (£=14700)  ,  and  weak 

ITT  / 

bands  at  266  mjJL  (6—500)  and  273  rr \jx.  ( £-500) . 

The  orange  picrate  was  unstable,  and  decomposed  readily. 


K.  The  Stability  of  the  Dihydr oacenaphthene  s 


( 1 )  2a ,3 -Dihydr oacenaphthene 

(i  )  Thermal  stability 

2a  ,3 -Dihydr oacenaphthene  was  injected  into  a  GLC  column  (silicone 
rubber)  at  200°,  and  the  outlet  gases  condensed  and  collected.  Reinjection 
of  the  collected  material  gave  the  same  retention  time  as  was  observed 
for  the  first  injection,  while  the  NMR  spectrum  also  indicated  the  presence 
of  only  starting  material. 

(2)  2a  ,  5 -Dihydr  oacenaphthene 

(i)  Thermal  stability 

2a  ,  5-Dihydr  oacenaphthene  was  injected  into  a  neopentylglycol 
succinate  column  at  190-200°  as  described  above  in  (1)  ,  and  found  to  be 
stable  under  these  conditions. 

(ii)  Base  -  catalyzed  isomerization 
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A  mixture  of  210  mg  of  2a  ,  5 -dihydr  oacenaphthene  and  400 
mg  of  sodium  methoxide  in  10  ml  of  methyl  alcohol  was  refluxed  for  1  hour. 
The  solution  was  acidified  with  dilute  hydrochloric  acid  and  extracted  with 
ether.  Only  starting  material  was  found  present  in  the  ether  solution  as 
shown  by  the  NMR  spectrum  of  the  product  obtained  after  removal  of  the 
ether . 

In  a  second  experiment,  330  mg  of  the  olefin  and  potassium 
tert-butoxide  (from  0.5  gm  of  potassium  and  10  ml  of  tert -butyl  alcohol) 
was  refluxed  for  21  hours,  and  the  reaction  mixture  worked  up  as  described 
above.  The  NMR  spectrum  showed  complete  rearrangement  to  the 
conjugated  olefin  ,  2a  ,3 -dihydr  oacenaphthene  . 

(iii)  Acid- catalysis 

A  mixture  of  the  olefin  (250  mg)  and  500  mg  of  p-toluene- 
sulfonic  acid  in  10  ml  of  DME  was  refluxed  and  stirred  for  20  hours.  An 
ether  extract  of  the  mixture  ,  washed  with  water  ,  and  dried  and  evaporated 
gave  a  product  which,  by  NMR  ,  showed  that  no  rearrangement  had  occurred. 

In  order  to  prepare  4 , 5 -dihydr oacenaphthene  (CXVII)  ,  the 
procedure  of  Treibs  and  Thbrmer  (139)  was  used.  A  quantity  (112  gm  , 

0.71  mole)  of  2a  ,3  ,4 ,5-tetrahydr oacenaphthene  was  stirred  at  10-15° 
for  4  days,  while  a  stream  of  oxygen  was  bubbled  through  the  solution  by 
means  of  a  gas  dispersion  tube.  During  the  oxidation,  the  reaction  mixture 
turned  yellow,  then  yellow-orange  in  color,  and  also  became  very  viscous. 
Since  filtration  through  a  sintered  glass  funnel  was  virtually  impossible,  the 
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mixture  was  extracted  with  Skellysolve  B.  From  neither  the  Skellysolve 
extract  nor  the  syrupy  residue  could  any  of  the  desired  peroxide  (CXVI) 
be  isolated. 

L.  1  ,  8-Dimethylnaphthalene  was  prepared  from  acenaphthene  by  the 

following  method. 

By  the  procedure  of  Graebe  and  Gfeller  (169)  ,  25  gm  of  acenaphthene 
was  dissolved  in  300  ml  of  warm  acetic  acid.  The  temperature  was 
adjusted  to  80°,  and  170-175  gm  of  sodium  dichromate  was  added  portion- 
wise  with  efficient  stirring,  care  being  taken  that  the  reaction  temperature 
did  not  rise  above  85°.  After  complete  addition  of  the  dichromate  (approxi¬ 
mately  1  hour)  ,  the  reaction  mixture  was  refluxed  for  2  hours  ,  then  poured 
into  warm  water  ,  and  the  precipitate  collected  on  Bttchner  funnel  by  suction 
filtration.  The  air-dried  solid,  naphthalic  anhydride,  weighed  26  gm 
(81%)  and  melted  at  269-270°.  Lit.  m.p.  ,  274°  (169). 

Following  the  directions  by  Boekelheide  and  Vick  (170),  25  gm  of 
naphthalic  anhydride  was  added  to  a  stirred  slurry  of  10  gm  of  lithium 
aluminum  hydride  in  a  mixture  of  230  ml  of  absolute  ether  and  190  ml  of 
dry  benzene  at  a  rate  sufficient  to  maintain  gentle  boiling.  After  the 
addition  was  completed  the  mixture  was  boiled  under  reflux  for  an  additional 
12  hours.  The  excess  lithium  aluminum  hydride  was  decomposed  by  the 
careful  addition  of  water  and  the  precipitated  solid  was  collected.  The 
inorganic  salts  were  removed  by  washing  the  solid  cake  with  dilute  acid. 

The  remaining  solid  was  crystallized  from  a  50%  solution  of  methyl  alcohol 
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in  benzene.  This  gave  15  gm  (63%)  of  1  ,8-dihydr oxymethylnaphthalene  , 
m.p.  ,  158-159°.  Lit.  m.p.  ,  1  57- 1  58°  (1  70) . 

1  , 8-Dimethylnaphthalene  was  obtained  in  poor  yield  by  the  hydro- 
genolysis  of  the  above  diol  (171).  Fifteen  gm  of  the  dihydroxy  compound 
was  dissolved  in  300  ml  of  methyl  alcohol.  Five  drops  of  concentrated 
hydrochloric  acid  was  added  and  the  hydrogenation  carried  out  using 
platinum  oxide  at  room  temperature  and  low  pressure  (20  p.s.i.). 
Filtration  from  catalyst  and  concentration  of  the  filtrate  yielded  a  semi¬ 
crystalline  residue.  This  residue  was  chromatographed  on  neutral 
alumina,  using  Skelly solve  B  as  the  eluant.  The  solid  so  obtained  was 
recry  stallized  from  80-90%  aqueous  methyl  alcohol,  giving  1  gm  of  shiny 
plates  ,  m.p.  ,  61.5-62.5°.  Lit.  m.p.  ,  62. 5-64°  (172). 

The  NMR  spectrum  (CCl^)  showed  a  singlet  at  7.187T  for  the  two 
methyl  substituents,  along  with  aromatic  signals  between  X—  2. 3-2. 9 
(area  ratio  1:1). 

M .  The  Metalation  of  Acenaphthene .  General  Procedure  for  the 

Formation  and  Collection  of  Hydrogen  Gas 

The  same  procedure  as  used  for  indene  and  fluorene  described  on 
p.  1  72  was  employed  in  this  case  ,  with  the  exception  that  0.05  mole  of 
hydrocarbon  was  used  instead  of  0.10  mole.  Following  the  period  of 
reflux  (see  Table  XI,  p.129)  the  metal  was  removed  as  much  as  possible, 


and  the  reaction  mixture  decomposed  with  excess  dilute  hydrochloric  acid. 
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The  solution  was  extracted  with  ether  ,  the  ether  extract  dried  (MgSO^)  , 
filtered  and  freed  from  solvent.  The  residual  material  was  then  analyzed 
by  GLC  ,  using  three  columns  (see  p.230).  Column  chromatography  of 
the  products  on  neutral  alumina  with  Skellysolve  B  as  eluant  removed  all 
the  analyzable  hydrocarbons  (5.33-6.10  gm)  ,  while  ether  and  methyl 
alcohol  elutions  removed  polymer -like  material  (1.2-2.  2  gm) .  Total 
material  recovery  was  as  high  as  90-95%. 

Metalation  of  acenaphthene  at  room  temperature 

By  the  procedure  of  Cram  and  Dalton  (68)  a  solution  of  acenaphthene 
(0.782  gm,  0.00507  mole)  in  100  ml  of  anhydrous  DME  was  treated  with 
0.473  gm  (0.012  gram-atom  )  of  potassium.  A  dark-green  color  appeared 
on  the  surface  of  the  metal  almost  immediately,  and  after  20  minutes  the 
solution  was  almost  black.  A  small  piece  of  potassium  was  still  evident 
even  after  the  mixture  had  been  stirred  at  room  temperature  for  17  hours. 
The  metal  recovered  after  this  time  weighed  0.056  gm.  To  the  solution, 
freed  from  visible  metal  particles,  was  added  0.32  gm  of  water  in  50  ml  of 
DME  in  a  dropwise  manner.  The  black  color  changed  to  orange.  The 
reaction  mixture  was  then  shaken  with  a  mixture  of  water  and  pentane  , 
the  pentane  layer  washed  with  w'ater  ,  dried,  filtered  and  evaporated  to 
an  oil.  GLC  analysis  of  three  columns  (see  p.230)  and  NMR  analysis 
showed  the  presence  of  four  components:  11%  of  2a  ,3  ,4 ,5-tetrahydro- 
acenaphthene  ,  21%  of  2a  ,3 -dihydr  oacenaphthene  ,  56%  of  acenaphthene, 
and  12%  of  an  unidentified  compound. 
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N.  General  Procedure  for  the  Metalation  and  Methylation  of  Acenaphthene 

The  method  as  outlined  for  the  metalation  and  methylation  of  the 
indenes  (p.174)  was  used  here  ,  with  the  exception  that  0.05  mole  of  ace¬ 
naphthene  was  employed  and  that  a  larger  amount  of  methyl  iodide  (2  5  gm) 
was  added.  The  results  have  been  discussed  under  the  appropriate 
heading  in  the  Results  and  Discussion  (p.  137  ).  Column  chromatography 
of  the  products  on  neutral  alumina  with  Skellysolve  B  as  eluant  removed  6.3- 
7.6  gm  of  the  analyzable  hydrocarbons,  while  ether  and  methyl  alcohol 
elutions  removed  0.86-1.3  7  gm  of  polymer -like  material. 

O.  Analysis  of  Acenaphthene s  on  GLC  Columns. 

The  following  2.5  m  columns  were  utilized  for  all  GLC  analyses: 
Silicone  rubber  ,  25%  by  weight  on  Gas-Chrom  P  (60-80  mesh).  This 
column  separated  the  following  groups  of  compounds  from  each  other  but 
failed  to  separate  the  individuals  of  each  group  where  mixtures  are 
indicated.  (a)  2a  ,3  ,4 , 5 -tetr ahydroacenaphthene ;  2a  ,3-dihydroacenaphthene ; 
2a  ,  5-dihydr  oacenaphthene  ,  (b)  acenaphthene;  1 -methylacenaphthene ;  1,1- 

dimethylacenaphthene  ,  (c)  cis  - 1  ,  2 -dimethylacenaphthene ;  1  ,1  , 2  -  trim  ethyl - 

acenaphthene,  (d)  1  , 1  ,2  ,2 -tetr  amethylacenaphthene  . 

Ne opentylglycol  succinate  ,  25%  by  weight  on  Gas-Chrom  P  (60-80  mesh). 

This  column  separated  the  following  groups  from  each  other  but  not  the 
individual  members  of  each  group.  (a)  2a  ,3  ,4 , 5-tetrahydr  oacenaphthene  , 

(b)  2a  ,  3 -dihydr  oacenaphthene ;  2a  ,  5-dihydr  oacenaphthene  ,  (c)  1  , 1 -dimethyl- 
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acenaphthene  ,  (d)  acenaphthene ;  1 -methylacenaphthene ;  1  , 1  , 2 -trimethyl- 

acenaphthene;  1  ,1  ,2  ,2-tetramethylacenaphthene  ,  (e)  cis-1  ,  2 -dimethyl- 
acenaphthene . 

Apiezon  L  ,  25%  by  weight  on  Gas-Chrom  P  (60-80  mesh).  This  column 
separated  the  following  groups  from  each  other  but  not  the  individuals 
contained  in  each  group.  (a)  2a  ,  3  ,4 , 5 -tetr  ahy  dr  oacenaphthene ;  2a, 3- 
dihydr  oacenaphthene ;  2a  , 5-dihydr oacenaphthene  ,  (b)  acenaphthene;  1  - 
methylacenaphthene;  1  , 1 -dimethylacenaphthene  ,  (c)  1  ,1  ,2-trimethyl- 
acenaph'thene  ,  (d)  cis-1  , 2 -dimethylacenaphthene ;  1  ,1  ,2  ,2 -tetr  amethyl- 

acenaphthene . 
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